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ABSTRACT
The present study investigated the performance and alertness of 8 healthy male participants
between the age of 31 years and 65 years old in nighttime, long duration simulated train
operation. Participants completed the simulator tasks twice, once alone (single run) and once
with another person in the cab (paired run), on two different nights. Various simulator tasks
were used to provide measurement of performance. Objective (percentage eyelid closure and
psychomotor reaction time) and subjective (self reported fatigue, workload, and stress) were
used to provide measurement of alertness. No significant result was found when comparing
the performance and alertness measures between single and paired runs. The result showed
significant correlation between the subjective measures and also between the subjective and
objective measures. A significant difference in the temporal trend of performance decrement
was found between the youngest and the oldest participants.
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1. INTRODUCTION
1.1 Background and Motivation
A substantial proportion of train accidents are caused by human related errors, and fatigue
underlies many of them. According to the train accident data collected by the Federal
Railroad Administration (FRA) Office of Safety Analysis, out of 2,669 train accidents in the
year 2002, 1,022 of the accidents were caused by human factors, an increase from 855 in
1997. Although the exact number of accidents caused by fatigue is difficult to determine, data
of fatigue-related accidents have been collected from witness statements and the train
engineer's work-sleep schedule prior to the accidents. On September 16, 1998, the
Administrator of the FRA, Jolene Molitoris, stated, "About one-third of train accidents and
employee injuries and deaths are caused by human factors. We know fatigue underlies many
of them."
The problem with identifying fatigue as the cause of an accident rooted from the problems in
defining fatigue itself. People know when they experience fatigue but they have difficulties in
defining fatigue. Some people considered fatigue as a state of a person usually associated with
feeling tired, sleepy, or exhausted. Fatigue can also be associated with performance
decrements such as in reaction time tasks and vigilance tasks in which a person had to detect
the presence of infrequent, unpredictable, poorly discriminable signals (Holding, D.H.). Job
and Dalziel (Job et. al., 2001) have identified the essential features of a definition of fatigue
and offered the following definition of fatigue: "Fatigue refers to the state of an organism's
muscles, viscera, or central nervous system, in which prior physical activity and/or mental
processing, in the absence of sufficient rest, results in insufficient cellular capacity or
systemwide energy to maintain the original level of activity and/or processing by using
normal resources."
In the early days, fatigue has been known to occur with respect to the hours of work (hours on
duty). In a review of fatigue, Holding simplifies the term fatigue to be the effects of prolonged
periods of work or duty. Other researchers have found that the effects of fatigue could be
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shown after only a short period of exposures (two hours) to conditions that were thought to be
fatigue-inducing (Fraser, 1956 and Jackson, 1959; cited in Howarth, 2002). On the other
hand, other researchers have suggested that time of day may also be a key factor in fatigue
development. Kraemer, who tested 12 healthy non-sleep-deprived individuals hourly for 27
hours, found significant time-of-day variation in all of the variables in a test battery result,
which includes a visual analogue scale of subjective assessment of sleepiness. Studies in
human performance have found that perfonnance such as in reaction time was peaking and
declining at certain times of day. The changes in performance with respect to time of day have
been thought to reflect the underlying 24-hour, or human 'circadian rhythm' (Folkard, 1983).
The study of sleepiness, fatigue, and the US railroad industry has a long history. The first
known documentation on fatigue in railroading, written in 1866 (cited by Buck, 1993),
supports a relationship between railway accidents, locomotive crew fatigue, and other factors
such as time on duty, work-sleep-rest cycles and shift work. In later field studies, Hildebrandt
et. al. (1974) reported that failures by German train drivers to respond to a vigilance device
followed 12-hour cycles, peaking at 3:00AM and 3:00PM, and increasing with time on duty.
A review study conducted by Buck and Lamonde in 1992 suggests that critical railroad
incidents are more likely to occur at a certain time of day, which is related to the human
circadian rhythm. The report by the General Accounting Office (cited in Sherry, 2000) found
that more human factor related accidents occurred between 2AM to 6AM than in any other 4-
hour segment. The study also found that overall the accident rate between 2AM and 6AM was
higher than at other times.
Unfortunately, the law governing the length of duty for train engineers was written without
sufficient knowledge of human circadian rhythm. The Hours of Service Act, enacted in 1907
and now codified as 49 U.S.C. 21101-21108, establishes two limitations on hours of service
for train engineers and other railroad employees engaged in train or engine service. "First, no
employee engaged in train or engine service may be required or permitted to work in excess
of twelve consecutive hours. After working a full twelve consecutive hours, an employee
must be given at least ten consecutive hours off duty before being permitted to return to work.
Second, no employee engaged in train or engine service may be required or permitted to
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continue on duty or go on duty unless he has had at least eight consecutive hours off duty
within the preceding twenty-four hours." Because of the flexibility in terms of time of day on
these two standards, train engineers are legally allowed to have a work-rest schedule that is
irregular in nature and less than 24 hours in length. The following double raster plot shows an
example of a work-rest schedule of a U.S. freight locomotive engineer.
Figure 1: Representative Double Raster Plot of an Irregular and Unpredictable Work
Schedule from a US Freight Locomotive Engineer
Representative Double Raster Plot of an Irregular and Unpredictable Work Schedule
from a US Freight Locomotive Engineer
Hour of the Day
Day 1*- C
Day 1
Day 2
Day 3
Day 4
Day 5
Day 7
Day 8
Day 8
Day 10
Day 11
Day, 12 | | | | | | | | |
Day 13
Day 14
Time in Bed: 3 Time at work: I
In the past few years, the FRA has given extra attention to human factors research on the U.S.
railroad industry to improve safety and productivity. Prior studies have successfully identified
causes of fatigue from field observations. A study conducted by Sussman and Coplen (2000)
successfully identified human factors issues specific to railroad operations such as the impact
of split-shifts schedule, attention lapses as a result of high potential for boredom in some
freight operations, and physical working conditions. As a response to these field observations,
other studies, which were mostly conducted in a lab setting, have explored methods and
technologies to prevent fatigue-related accidents (Dinges (1998), Sherry. P. (2000), and
Oudonesom (2001)).
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Until recently, there have been only minimal attempts to address the issues of one-engineer
versus two-engineer operations. The necessity of investigating the safety implications of one-
engineer operation grew from a sudden increase in Amtrak's one-engineer runs. In April
2002, the FRA has instituted a special safety watch on Amtrak, the US National Railroad
Passenger Corporation. Amtrak began allowing more runs with only one engineer in the
locomotive cab, including in those areas lacking safety redundancies. In an attempt to save
money, Amtrak has cut the length of the few long train runs operated by two engineers into
more frequent short runs operated by only one engineer. For example, the Washington-
Chicago Capitol Limited, which used to run with a two-person locomotive crew from
Washington to Pittsburgh, is now operated by only one-engineer from each city to Rockwood,
PA. Because of the reorganization of its scheduling structure, Amtrak also proposed to have
train runs with only one engineer for four hours or less during the period between midnight
and 6AM. However, as concluded by Buck and Lamonde, performance decrements due to
fatigue were not only determined by time on duty but most importantly by time of day. The
reduction of the second engineer, who was originally believed to provide a safety redundancy,
made the safety of one-engineer train operation questionable. The FRA resisted Amtrak's
proposal until further study.
1.2 Field Observation and Prior Research
1.2.2 Two-Engineer Operations
In the days of steam locomotives, there were always two people in the locomotive cab. One
was the engineer, and the other one was called the fireman. The task of the fireman was to
keep the steam pressure up by shoveling coals into the locomotive boiler. In between tasks, a
fireman might assist the engineer by calling out signals, train speeds, and hdlp handle other
problems connected with the train movement. This system carried two potential advantages.
First, the fireman kept the engineer alert and awake through auditory stimulation and
confirmed the presence of any unusual signal warnings or obstacles in the track. Second, it
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was a tradition in the U.S. that a young man going into the train operation would spend his
first 10 years or so as a fireman to learn various railroading techniques and assist the engineer
in every possible way.
As the steam engines faded away from modem railroad tracks and were subsequently replaced
by diesel and electric engines, the usefulness of having a second person in the cab, who is
now known as the co-engineer or assistant engineer rather than the fireman, has become
questionable in the minds of some railroad managers. These days, the tasks of the second
engineer consist of calling out signals, confinning speed zones and mileposts, and providing a
second set of eyes in detecting unusual warning signals or obstacles in the track. As a result of
the ambiguity about the current tasks of the assistant engineer, there are two opposing views
in relation to the safety implications of one-engineer operations compared to two-engineer
operations.
Without sufficient supporting evidence, it has been stated by some railroad officials that one-
engineer operations are as safe, if not safer, than the two-engineer operations. Because the
workload of the second engineer is very low during the train movement, this person may
easily become sleepy, in which case he will not be useful in assisting the first engineer of
detecting unusual signal warnings or obstacles in the track. It has also been argued that the
conversation between the first engineer, also known as the engineer of record, and the
assistant engineer, especially on topics unrelated to the train movement, can be distracting to
the first engineer and leading to other performance decrements.
Conversely, it can also be argued that having a second person in the locomotive cab can
provide the safety redundancy that is otherwise lacking in the U.S. railroad operations. It is
obvious that the addition of a person in the cab, who is performing his job in an appropriate
fashion, can increase the chances of detecting anomalies in the track or question the actions
made by the engineer of record. The second person in the cab can also confirm the presence
of any unusual signal warnings or obstacles in the track and increase the speed of action of the
engineer. A young assistant engineer can detect obstacles that may be missed by the engineer
of record, who on average is 50 years old. As Schwab, who observed a 74 year old train
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engineer operating one-engineer train, stated, "the inevitable reduction of visual acuity, dark
adaptation, and color vision that begins after 50 in ordinary people is thoroughly balanced by
the presence of a younger man in the cab watching out of the window." Most importantly, the
task of the assistant engineer of calling out signals and confirming the speed zones and
mileposts has been believed to provide strong alerting auditory stimuli to the first engineer.
Field observations were conducted in order to understand train operation and compare two-
engineer train operation with one-engineer train operation. The experimenter was seated on an
extra crew chair in the front locomotive cab. The first observation was conducted in a two-
crew (engineer and conductor) US freight train locomotive cab on a round trip between
Boston, MA and Selkirk, NY. The second observation was conducted in a one-engineer
AMTRAK Acela locomotive cab on a round trip between Boston, MA and New Haven, CT.
The last observation was conducted in a two-engineer AMTRAK Auto-train locomotive cab
on a trip from Florence, SC to Sanford, FL.
From the observation on the two-crew train trips, it was observed that the second person in the
cab (a conductor in freight train and an assistant engineer in passenger train) assisted the
engineer of record by checking the pressure gauges and reporting the status of these gauges to
the engineer of record, checking the train cars movement from the side mirror, reminding the
engineer of the work order (especially in freight train operation), regularly calling out
milepost numbers just passed, regularly calling out and confirming the overhead signals,
reminding the engineer where they were and what is coming up next in terms of sharp turns,
bridges, and crossings. It was observed several times that the engineer of record and the
assistant engineer called out to each other obstacles they detected in or near the track such as
automobiles parked near the track, automobiles dangerously going through the closed-gate
crossing, people walking near the track, and animals stood on or near the track. During both
trips, the second engineer and the first engineer talked to each other occasionally (more
frequently during the beginning of the trip, than in the latter stages). The conversation topics
ranged from those conversations related to train operation such as work order, current news,
to their hobbies and interest. Sometimes the second engineer or the conductor assisted the
engineer by making a radio call to the dispatcher.
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On the contrary, communication exchanges and safety redundancies provided by the second
engineer were not found in the one-engineer train operation. The engineer in the one-engineer
operation could only talk with the dispatcher when the train was approaching a station or with
the conductor who rarely came to the front locomotive cab to check on the engineer.
Most engineers that were interviewed prefer to have another person in the cab, most
preferably a permanent partner. The job of a locomotive engineer is very stressful in nature.
An engineer commonly operates a train at high-speed in which full and continuous attention is
required at all times. A couple minutes of an engineer's inattention can cover several miles of
a relatively dangerous train movement. In addition, a train engineer is expected to be vigilant
and react to unusual obstacles in the track as fast as possible at all times. The engineers
confessed that by sharing some of these responsibilities with another person in the cab,
especially with another person they have known for years, they would be less stressful and
therefore less prone to fatigue. The engineers believed that they would perform as best as they
could whether or not there is another person in the cab. However, some of the engineers also
admitted that they felt extra pressure to perform as best as they could in a two-engineer
operation because of the existence of another person in the cab. This fact is related to the
social facilitation theory, which is defined as improvement in performance produced by the
mere presence of others, whether these others (they act in the capacity of or as) are an
audience or co-actors. The Japanese electric locomotive drivers interviewed by Kogi and Ohta
(1975) during a rotation period in July and August 1972 also supported the value of a second
engineer in dealing with fatigue although most passenger trains in Japan these days have been
replaced by the high-speed bullet trains with only one driver.
1.2.1 One-Engineer Operations
From a previous study of one-engineer train operations, sponsored by Transport Canada, three
out of the eight European railways that were interviewed state that "one-engineer operations
have an excellent record and (we) do not believe that two persons in the cab improves safety."
However, to ensure safety of one-engineer operations, these railways use either sophisticated
train technologies or impose restrictions on the use of one-engineer operations. The Danish
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and Swedish railways employ sophisticated Advanced Train Control (ATC) technologies in
their locomotive cab, which can automatically stop the train if the driver fails to respond to a
signal requirement. The British railways and New Zealand's Tranzrail impose restrictions on
use of one-engineer operations. Such restrictions preclude the use of a one-engineer operated
train to transport hazardous material, to leaving with equipment malfunction or without the
continuity of the communication system.
In the US, one-engineer operations have existed along the Northeast Corridor between
Washington, D.C. and Boston since the 1960s. To enhance safety of one-engineer operations
along this route, automatic cab signals and automatic train stop systems are installed inside
the cab. This system is capable of automatically stopping the train if the engineer does not
comply with the requirements of the signal indication. Unfortunately, this system is not
available in other areas in the U.S. Therefore, other one-engineer driven trains, which run
outside the Northeast Corridor, are being operated without this type of safety redundancy.
Alerter devices, which are commonly installed in the locomotive cab and currently used as
fatigue counteraction in U.S. railroads, are not a substitute for another person in the cab
because they cannot assure alertness, judgments, and responsiveness of the engineer. On
February 5, 2001, Amtrak train P286, a one-engineer operated passenger train, collided with
CSXT freight train Q260. The National Transportation Safety Board (NTSB) detennined that
a probable cause for the accident was the Amtrak locomotive engineer's inattention to the
operation of his train, which led to his failure to recognize and comply with the speed limit
imposed by the wayside signal. After the crash, the Amtrak engineer told the investigator that
he had been going through his bag for track bulletins just before collision. Even though an
automatic cab signal or automatic train stop system might have helped in preventing the
accident, NTSB noted that the effectiveness of these systems relies on the alertness, judgment,
and responsiveness of the train engineer. Alerter devices cannot ensure that engineer will not
make mistakes and cannot intervene if the engineer makes mistakes. Therefore, alerter
devices are not a replacement for safety redundancies, such as positive train control, nor a
substitute for another person in the cab who could question the action of the engineer. Had
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there been another person in the cab with the Amtrak engineer, the February accident might
have been avoided.
Because train accidents in one-engineer train operations, such as the aforementioned train
accident, might have been avoided if there were another person in the cab, motivation arose to
conduct this study and investigate the difference in the performance and alertness of train
engineer in one-engineer versus two-engineer operations.
1.3 Scope and Objectives of study
The current study was conducted in response to the sudden increase of Amtrak one-engineer
operations and the need to evaluate the safety of one-engineer operations. The elimination of
the second engineer, who was believed to provide safety redundancy, raised concerns. The
main concern of the FRA to the Amtrak's proposal was not the time on duty, but more
importantly the time of day. Although there have been many debates and arguments
supporting both the one-engineer and two-engineer operations, there are only few studies that
specifically evaluate the safety of one-engineer operations compared to two-engineer
operations. Sponsored by the FRA, this pilot study was a result of a collaboration work
between Volpe Center and MIT.
There are two objectives in this study:
1. To develop experimentaJ design and protocol for future nighttime and long duration
train simulator study.
2. To provide preliminary evaluation on performance and alertness of railroad engineers
in single and paired operations.
The single operation was defined as a condition in which there is only one person (participant)
present in the cab and he alone operated the simulated train. This condition represents the
one-engineer or alone operation.
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The paired operation was defined as a condition in which there are two people present in the
cab but only the participant allowed to operate the simulated train. The second person was
asked to assist the participant in initiating the calling out of signals, confirming the train
location, and responding to the participant's conversation, but not allowed to take over the
train operation. This condition represents the two-engineer operation.
The study focuses on the first objective, which is to develop the protocol and make
recommendations that may facilitate future Volpe train simulator studies. The second
objective is to provide preliminary evaluation on performance and alertness of railroad
engineers in single and paired operations.
In terms of the second study objective, this pilot study hoped to answer the following specific
questions:
Alertness:
1. Is there any significant relationship between percentage eyelid closure recorded for the
first engineer and the second engineer during paired experimental runs?
2. Is there any significant difference in the percentage eyelid closure recorded for the
first engineer between single and paired experimental runs?
3. Is there any significant difference in the amount of time the first engineer takes to
react to a psychomotor vigilance task between single and paired experimental runs?
4. Is there any significant difference in self-reported level of fatigue by the first engineer
between single and paired experimental runs?
5. Is there any significant difference in self-reported level of workload by the first
engineer between single and paired experimental runs?
6. Is there any significant difference in self-reported level of stress by the first engineer
between single and paired experimental runs?
7. Is there any significant relationship between objective and subjective measures of
alertness?
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Performance:
8. Is there any significant difference in the amount of time the first engineer exceeds the
speed limit between single and paired experimental runs?
9. Is there any significant difference in the number of instances the first engineer fails to
detect deer between single and paired experimental runs?
10. Is there any significant difference in the number of instances the first engineer
incorrectly reports milepost numbers between single and paired experimental runs?
11. Is there any significant difference in the amount of time the first engineer takes to
react to a change in compressor sounds between single and paired experimental runs?
12. Is there any significant relationship between percentage eyelid closure recorded for the
first engineer and the amount of time the first engineer exceeds the speed limit?
1.4 Social cybernetics approach
The theory of social cybernetics developed by Smith (1966, 1973, 1987a, 1987b) and others
(Hening, 2001) was used to explain the possibility of performance and alertness improvement
in paired operations. This concept of social cybernetics can be understood after introducing
the fundamental concepts of the cybernetics model.
The term cybernetics was first introduced by Wiener (1948) to describe a study of feedback-
control in living and non-living system. The study of behavioral cybernetics is based upon
experimental studies of feedback and feed-forward mechanisms in human behavior and
physiological functioning, rather than on abstract conceptual or mathematical models. The
increased interest in experimental studies of human feedback and feed-forward processes
began after the end of World War II to improve knowledge of human and military-machine
operations.
According to the cybernetics model developed by Smith (1966, 1973, 1987a, 1987b), the
internal state of human behavior and physiological functioning is under continuous voluntary
control. The cybernetics model recognizes a homeokinetic (dynamic) view of human
behavior, in which individuals self-regulate their own activities by dynamically and
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continuously controlling the sources of stimulus input and their responses to that input. This
closed-loop model of feedback control of human behavior and physiological functioning is
the antithesis of homeostasis model in which changes in human behavior are terminated when
a balance state of the body is achieved.
The term social cybernetics emerged when the cybernetics model is applied in explaining the
interaction between two or more people. Social interaction according to the cybernetics model
is a closed-loop feedback process in which the control over behavior is shared between the
participants through motor-sensory interaction of a mutual nature. As an example, person A
sends stimuli to person B through an integrated motor-sensory control. Person B uses these
stimuli to guide his behavior toward person A. The reaction of person B toward person A's
initial actions influences the on-going behavior of person A. This social interaction continues
and forms a closed-loop feedback process between the two people. This social interaction
may involve parallel activities, as in imitation, or series-linked, as in speech communication.
For an example, a communication exchange between the engineer of record and the assistant
engineer can form a closed-loop feedback.
Furthermore, according to the social cybernetics model, interacting individuals may develop
compliant physiological or organic processes, such as compliant heart rate or respiration
movement. A study conducted by Malmo, Boag, and Smith (1957) reported compliant heart
rate and muscle tension during personal interactions between the interviewer and the one
interviewed. Compliant physiological functioning was also reported in a separate study
conducted by Nowlin, Endorfer, Bogdonoff, and Nichols (1968), which investigated social
interactions in active and passive participation in two-person groups. Results from these
previous studies led to the idea that compliant physiological processes might also be
developed between the interacting engineer of record and the assistant engineer.
The present study used the social cybernetics approach in investigating the performance and
alertness of the railroad engineers. The social cybernetics can be applied in this case because
the interaction between the engineer of record and the assistant engineer is closed-loop and
mutual in nature. The participants in this study played the role of the engineer of record and a
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confederate was employed to play the role of the assistant engineer. Using the social
cybernetics approach, the twelve study questions were transformed into the following
hypotheses.
1.5 Hypotheses
Alertness:
Hypothesis 1: There will be a significant relationship between percentage eyelid closure
recorded for participants and the confederate during paired experimental runs.
It was predicted that there would be a significant relationship between the participant's and
the confederate's percentage eyelid closure. The individual's internal physiological processes
control the action of eyelid muscles, and these muscles control the amount of eyelid closure of
the individual. Based on social cybernetic theory, a closed-loop social interaction between the
participant and the confederate during paired experimental runs would involve feedback
control of motor-sensory processes and lead to a compliant internal physiological state
between the participant and the confederate. Findings from past studies suggest that mutual
social interaction between two people can produce congruent physiological or organic
processes (Malmo et al., 1957, Nowlin et al, 1968).
Hypothesis 2: There will be a significant difference in the percentage eyelid closure recorded
for participants between single and paired experimental runs.
It was predicted that the participant's percentage eyelid closure during paired experimental
runs would be less than during single experimental runs. The addition of an awake
confederate in the cab was predicted to maintain participant's alertness level. The feedback
process of social interaction between the participant and the confederate during paired
experimental run would generate a compliant internal physiological state, as suggested by
results of previous studies (Malmo et al., 1957, Nowlin et al, 1968), therefore higher alertness
level for the participant during paired run. The higher alertness level of the participant would
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be showed by the lower percentage eyelid closure recorded for the participant during paired
run.
Hypothesis 3: There will be a significant difference in the amount of time participants take to
react to a psychomotor vigilance task between single and paired experimental runs.
As predicted in Hypothesis 2, it was expected that participant's level of alertness would be
greater during paired experimental runs. The greater alertness level of participant would be
reflected by the improvement in participant's psychomotor vigilance task performance.
Therefore, it was predicted that participant's reaction time to a psychomotor vigilance task
during paired runs would be less than during single runs.
Hypothesis 4: There will be a significant difference in self-reported level of fatigue by
participants between single and paired experimental runs.
It was predicted that participants would report lower level of fatigue during paired
experimental runs than during single experimental runs. Because the existence of another
person in the cab was expected to increase participant's level of alertness, as predicted in
Hypothesis 3, the participant would feel less fatigue during paired experimental runs.
Hypothesis 5: There will be a significant difference in self-reported level of workload by
participants between single and paired experimental runs.
Although workload was not shared between participants and the confederate, participants
were expected to report a lower level of workload during paired experimental runs. Because
the addition of an awake confederate would improve participant's physiological state, as
predicted in Hypothesis 2, therefore the participants were expected to feel less burdensome by
the train simulation tasks during paired runs. Participant's self-reported level of workload was
expected to be lower during paired experimental runs than during single experimental run.
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Hypothesis 6: There will be a significant difference in self-reported level of stress by
participants between single and paired experimental runs.
Using the same rationale as that offered for Hypotheses 4 and 5, it was predicted that
participants would report lower level of stress during paired runs than during single runs.
Hypothesis 7: There will be a significant relationship between objective and subjective
measures of alertness.
Because both measures ultimately measure participant's alertness, it is reasonable to predict a
relationship between the objective (reaction time to a psychomotor vigilance task, percentage
eyelid closure) and the subjective measures of alertness (self-reported level of workload,
fatigue, and stress).
Performance:
Hypothesis 8: There will be a significant difference in the amount of time participants exceed
the speed limit between single and paired experimental runs.
It was predicted that the participant would exceed the speed limit in a less amount of time
during the paired experimental run compared to the single experimental run. As it was
predicted in Hypothesis 1, social interaction between the participant and the confederate
during paired experimental runs will result in a congruent internal physiological state between
the participant and the confederate. Furthermore, as it was predicted in Hypotheses 2 and 3,
the addition of an awake confederate will result in a higher internal physiological state of the
participant during the paired experimental run. Findings from past studies suggest that social-
physiological compliance is a determinant of team performance (e.g. Henning et al., 2000).
Therefore, it was predicted that team performance would be better in paired experimental run,
which would be reflected by the participant's performance in controlling the train speed.
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Hypothesis 9: There will be a significant difference in the number of instances participants
fail to detect deer between single and paired experimental runs.
As in Hypothesis 8, using a social-cybemetic explanation, it was expected that participants
would fail to detect deer in significantly less number of instances during paired experimental
runs than during single experimental runs.
Hypothesis 10: There will be a significant difference in the number of instances participants
incorrectly report milepost numbers between single and paired experimental runs.
Using the same social-cybernetic rationale offered for Hypothesis 8, it was expected that the
participant would incorrectly report milepost numbers in significantly less number of
instances during paired experimental runs than during single experimental runs.
Hypothesis 11: There will be a significant difference in the amount of time participants take
to react to a change in compressor sounds between single and paired experimental runs.
Again, using the social-cybernetic explanation, it was expected that the participant would
significantly take less amount of time to react to a change in compressor sounds during paired
experimental runs than during single experimental runs.
Hypothesis 12: There will be a significant relationship between percentage eyelid closure
recorded for participants and the amount of time participants exceed the speed limit.
Using the social-cybernetic rationale, a relationship was expected between the predictions
offered in Hypotheses 2 and 8. Because the internal physiological compliance between the
participant and the confederate was expected to result in a greater level of alertness and better
team performance, therefore it is reasonable to expect a significant relationship between the
level of alertness and performance. Using the participant's percentage eyelid closure as an
alertness measure and the amount of time the participant exceeded the speed limit, it was
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expected that the greater the participant's percentage eyelid closure, the greater amount of
time the participant exceeded the speed limit and vice versa.
2. METHODOLOGY
2.1 Research Design
The study employs human participants in nighttime, long-hour train experimental runs, half
single (with one engineer) and half paired (two engineers). Dependent variables include
percentage eyelid closure, reaction time, time spent over-speeding limit, detection of
mileposts and in-track obstacle (deer), and self-reports of fatigue and workload.
The study design used allowed comparison of alertness measures and performance measures
between the single and paired engineers conditions within an individual participant. This was
possible by conducting the same sets of tasks in two night-runs and varying the number of
engineers in the cab within each participant. Participants came to the lab three times, for
training, for the one-engineer (single) experimental run, and for the two-engineer (paired)
experimental run. Having the same person repeat the experiment twice reduced the variability
caused by between participant effects.
The order of adding the second person in the cab was randomized between the two nights.
This was used to examine and control any learning effect occurred between runs
(counterbalancing).
In the two experimental runs, the lab was maintained to produce an environment similar to
that found in a locomotive cab, which was also conducive to fatigue and drowsiness. The
lights in all rooms accessible to participants were shut off or dimmed throughout the night.
Minimal lightings (20-30 lux) were allowed during the break periods to illuminate the desk
used to administer paper-based tests. Less lighting (~15 lux) was allowed in the simulator cab
in order to allow participants to read the work order. The only sound source came from the
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simulator speakers and continuously filled the room at approximately 70-80dB in intensity,
similar to what is found in the locomotive. The participants were kept in partial time isolation.
All clocks and watches were taken off so that participants were unaware of time of day, but
had an idea of where they were in the course of the protocol.
Each of the two experimental runs lasted about 10 hours and occurred between 9PM to 7AM,
as shown in Figure 2. A one night-run included five break sessions and four simulator
sessions. The first break occurred before the first simulator session, while the second, third,
fourth, and fifth break sessions occurred after each of the four simulator sessions. During each
break session the participant was administered non-simulator tasks: PVT, Waypoint,
Automated Neuropsychological Assessment Metrics (ANAM), and Subjective Ratings Scales.
During the simulator session, Copilot and Novasense recorded alertness data while participant
completed four types of simulator tasks: train speed, in-track obstacles, milepost, and auditory
vigilance. Each of these measurements is explained in more detail in the tasks and
measurements section.
Figure 2: Breakdown of An Experimental Run
Time Sessions Tasks
21:00 - 22:00 First Break Session + Intro PVT, Waypoint, ANAM, Subjective Ratings
22:00 - 23:40 First Simulator Session Copilot, Novasense, Simulator Tasks
23:40 - 0:10 Second Break Session PVT, Waypoint, ANAM, Subjective Ratings
0:10 - 1:50 Second Simulator Session Copilot, Novasense, Simulator Tasks
1:50 - 2:20 Third Break Session PVT, Waypoint, ANAM, Subjective Ratings
2:20 - 4:00 Third Simulator Session Copilot, Novasense, Simulator Tasks
4:00 - 4:30 Fourth Break Session PVT, Waypoint, ANAM, Subjective Ratings
4:30 - 6:10 Fourth Simulator Session Copilot, Novasense, Simulator Tasks
6:10 - 7:00 Fifth Break Session + Debriefing PVT, Waypoint, ANAM, Subjective Ratings
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The experiment was designed to capture some actual train engineer tasks. In each experiment
night, participants were told to drive a simulated train with two Dash-9 locomotives along the
Northeast corridor in a round trip between Philadelphia, PA and Washington, D.C.
Participants were given a set of work orders (an example of one can be found in the
Appendix) and asked to maintain train speed as close as possible and without going over the
speed limits noted in the work order. Obstacles appeared on the track at randomized times,
and participants had to acknowledge them as soon as they appeared. The experimenter, who
also acted as the dispatcher, asked the location of the train at randomized times and the
participant was asked to reply with the last milepost passed. In the paired engineer run,
participants and the second person in the cab were asked to call out each overhead signal, just
like a real train engineer would do. Each of these tasks is explained in more detail in the tasks
and measurements section.
During paired engineer runs, participants were given freedom to converse with the second
engineer, played by a confederate. The second engineer was unknown to the participant until
they were introduced in the paired run. Participants were told that they could talk to the
second engineer at anytime and as much as they wanted, but that the second engineer was
only allowed to respond to the participant and prohibited from initiating any conversation.
Participants were told that this rule would prevent the second engineer from causing any
distractions. This rule allowed measurement of the communication frequency with which the
participant was willing to converse with the second person in the cab.
The exact duration of each experimental run depended on each participant's swiftness in
completing the train simulator tasks and arrival at the designated milepost. Each simulator
session took approximately 100 minutes. With the exception of the first break session, each
break session took approximately 40 minutes: 30 minutes for taking the alertness tests and 10
minutes for using the restroom and having light snacks and water. The first break session,
which included an introductory session, sound level adjustment, and short practice run, took
approximately 60 minutes.
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Each participant participated in a 4-hour training session prior to the experiment night-runs.
The training session, which included a two-hour dry run on the train simulator, allowed the
participant to practice the train simulator tasks and become familiar with the alertness tests
and devices. The main purpose of the training session is to maximize learning curve before
the first run and reduce learning effect after the first run. Baseline data for PVT, Waypoint,
ANAM, and Subjective Ratings were taken during the training session. These baseline data
provide measurements of participants' alertness in a normal, not-fatigued condition.
Participants' sleep-wake schedules were recorded from the morning after the training session
to the morning of the first night session using an activity monitor called the Actiwatch and
sleep log. Participants were asked to continue completing the sleep log between the first and
second night runs.
The first run occurred at least one week but no more than two weeks after the training session.
The second run occurred at least three days but no more than one week after the first night-
run. The minimum days between runs ensured that participants had returned to his normal
sleep-wake schedule before coming for the second run. The maximum days between training
and the first run helped to ensure that participants remembered what they learned from the
training session.
2.1.1 Experimental Setup
The following figure shows the setup during an experimental run. This figure shows where
the second person would be seated during paired experimental run.
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Figure 3: Experiment Setup
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Except for briefing and debriefing, participants were not allowed to be in the controller room
at anytime during the break sessions and the simulator sessions. Therefore, participants were
not exposed to lighting provided in the controller room.
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2.1.2 Volpe Train Simulator
The current Volpe Train Simulator was developed to allow for fatigue/alertness testing, as in
this study. The train simulator consists of a simulator locomotive cab, projector screen,
projector, control box, and a personal computer to run the train simulation. The stationary
simulator cab used in this simulator was borrowed from the Federal Railroad Administration
(FRA). The Illinois Institute of Research Institute (ITRI) built this simulator cab in 1982. The
interior and exterior of the cab was designed based on General Motor SD-40 locomotive
engine. It was the most widely used locomotive engine at the time. The projector screen that
is used to reflect the train simulation is placed on the wall in front of the locomotive cab with
a distance of approximately 20 feet 7 inch from the driver's eyes. The 6 x 8 feet screen has a
crystal coating that allows maximum straight reflection over a narrow angle. The projector
used to project the train simulation is Panasonic PT-L71 10 with 1024 x 768 resolution and
1400 ANSI lumens. The projector is placed above the locomotive cab on the side where the
driver would sit. A 2.25 GHz, 256 MB of RAM personal computer with Windows XP
operating system was used to run the train simulation. This PC system is beyond the system
requirement and able to provide smooth and clear simulation.
Microsoft Train Simulator was used to simulate the out of the window front view of a General
Electric Dash-9 locomotive engine. The simulation scenery was a modified version of the
Northeast Corridor route design that came with the train simulator software. The major
modifications include milepost placement and milepost size. Using the latitude and longitude
information, milepost markers were placed at exactly one mile apart. Because of the
relocation of the milepost markers, the distance between the simulated Philadelphia station to
the Washington DC station, which originally was 135 miles, became 125 miles. Two round
trips between the Philadelphia station and Washington DC station were required to occupy
four 100-minute simulator sessions. The milepost marker size was ten times enlarged to allow
the participant to read the milepost number 1-2 seconds before passing it, which is similar to
what was found in real life train runs. The track obstacles (deer) were set to appear 100% of
the time and were placed at specific locations, which are predetermined from a random
generator.
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Standard GPS receiver with serial data output was used to provide time synchronization
between all the personal computers used in this study. Time-synchronization software, called
Tardis, was used to automatically correct the PC time.
2.2 Tasks & Measurements
2.2.1 Participant's Tasks
2.2.1.1 Simulator Tasks & Measures
In each simulator session, participants were asked to maintain simulated train speed as close
as possible to the speed limits noted in the work order, to respond to in-track obstacles as soon
as they appear, to call out the most recent milepost as soon as the dispatcher asked, and to
respond to a change in compressor sound. The results of each of these tasks were categorized
as performance measures of the participants (first engineer).
Speed Compliance
Participants were asked to maintain train speed as close to the speed limit noted in the work
order. In each night-run, participants were given a work order to drive the simulated train
from Philadelphia, P.A. to Washington, D.C. and a second work order to drive back. Each
work order informed participants the location of the ten mileposts that corresponded to the
changed speed-restrictions. In addition to this task, participants were required to be aware of
the train location in terms of milepost number at all times. Participants were allowed to repeat
the milepost numbers out loud but were prohibited from writing them down.
The location of the changed speed limits was randomly designed with some restrictions.
These restrictions allowed for the numbers of the speed limits occurrences to be similar but
the locations at which the speed limits were posted to be completely different between each
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simulator session. This work order design prohibited participants from repeating the same
exact activity. The event of speed limit change was also designed to occur at specific location
so that it would not overlap other events.
There are three types of speed limits in which the participant operated the train: 15 mph, 30
mph, and 65 mph. Each of these types of speed limit represents different levels of workload:
high, medium, and low workload level. The 15 mph speed restriction was categorized as high
workload because it requires participants to work on the train throttle every few seconds to
maintain the train speed at 15 mph. Participants moved the throttle less at the 65 mph region
and least at the 30 mph region.
One simulator session consisted of a trip halfway between Philadelphia, P.A. and
Washington, D.C. The trip duration was approximately 100 minutes, depending on how the
participants handled the train.
Participants' performance on speed compliance was measured by the amount of time spent
over-speeding. An over-speed is defined as the speed above the allowed speed limit.
In-track Obstacle
Participants were asked to respond to track obstacles as soon as they appeared. The in-track
obstacles were several deer that appeared on the track and participants were asked to blow the
horn at the deer as soon as they appeared. Although the deer appeared at randomized
locations, deer appeared three times in every simulator session. The occurrence of this task
was designed not to overlap other events, as shown in the experimenter data sheet in the
Appendix. Based on the participants' answers to the debriefing questionnaire, no one realized
the pattern of the deer appearance.
A participant's perfonnance on responding to the track obstacles was measured by the number
of instances the participant failed to detect deer. A failure to detect a deer is defined as failure
to blow horn before the train passes the deer.
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Milepost Question
In a predetermined-random location, the experimenter, who acted as the dispatcher, asked the
participant the milepost number just passed. Participants were asked to respond as soon as
possible to the experimenter's question. Similar to the speed compliance task, participants
were required to memorize the milepost number just passed. The occurrence of this task was
designed not to overlap other events, as shown in the experimenter data sheet in the
Appendix.
A participant's performance on milepost number call-out was measured in terms of the
number of instances participants incorrectly reported milepost numbers.
Auditory Vigilance
A compressor sound was played on top of the rumbling train noise. A personal computer
running an E-prime v. 1.1 pre-coded program was used to generate the compressor sounds. E-
Prime is a graphical experiment generator for Windows 95/98/ME/2000/XP produced by
Psychology Software Tools, Inc., which consists of a suite of applications to design, generate,
run, collect data, edit and analyze data. At a predetermined random location, the compressor
sound was changed into another compressor sound that has the same intensity but slightly
faster rhythm. The difference is just enough for the participants to notice. The slower rhythm
sound was called the "normal" compressor sound (sound 1), and the faster rhythm one was
called the "irregular" compressor sound (sound 2). Participants were asked to respond to the
"irregular" compressor sound by pushing one of the buttons on the console placed on the left
of the train console inside the simulator cab.
The intensity of the compressor sound was adjusted carefully based on each participant's
performance on the volume-level test conducted prior to the first simulator session of each
night-run. During the volume-level test, the compressor sound intensity was adjusted so that
participants were able to respond to the compressor sound change no more than 3/4 of the
time. The volume-level test was conducted while the train was running at 30 mph, which was
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determined as the medium level of train noise intensity. Unfortunately, the speaker
occasionally became too hot toward the end of the night run, which caused its properties to
change, and produced louder sounds.
The "irregular" compressor sound (sound 2) played for only 30 seconds and reset to the
"normal" compressor sound (sound 1) automatically at the end of 30 seconds.
A participant's performance on this auditory vigilance task was measured by the number of
instances participants failed to react to a change in compressor sounds. Only those compressor
sound changes that took place in the 30 mph and 15 mph region were considered as trials.
There were three trials in each simulator session.
2.2.1.2 Non-simulator Alertness & Performance Measures
Each participant's alertness level was continuously measured by Copilot and Novasense
during simulator sessions and recorded based on discrete results of Psychomotor Vigilance
Task (PVT), Subjective Ratings, Waypoint, and ANAM administered during break sessions.
In this study, only results from Copilot, PVT, and Subjective Ratings will be closely analyzed.
The rest of the data from other technologies were sent out to the developer for further
analyses. Copilot, PVT, and Subjective Ratings are explained in more detail in the following
paragraphs. The description of the other measurement can be found in the Appendix.
Copilot (PERCLOS)
Copilot is an infrared camera that measures human percentage eyelid closures (PERCLOS). It
was originally designed for use in assessing the driver's alertness level by the automotive
industry. Percentage eyelid closure has been evaluated to have high potential in detecting
fatigue during driving (Dinges, 1998). Percentage eyelid closure (PERCLOS) has been
validated to predict human alertness level. The more tired the person is, the more his eyes
would close or droop and the higher his PERCLOS values would be. The copilot camera was
33
conveniently placed inside the cab in front of the participant. The Copilot monitor, which
shows the participant's face, was placed inside the controller room. The experimenter
manually adjusted the camera from the controller room so that the participant's face was
within the range of the copilot camera. The Copilot camera was set to take PERCLOS data at
3 samples per second (3 Hz).
Psychomotor Vigilance Task (Reaction Time)
The Psychomotor Vigilance Task, known as PVT, was selected to measure the participant's
alertness level because it has been validated to provide very sensitive fatigue measurement. A
ten-minute PVT was administered during each break. At least one experimenter attended
while participants were taking the test. Literature suggests that experimenter presence
provided pressure to participants to perform the test at their highest ability.
Subjective Ratings (100 mm Visual Analog Scale)
Subjective ratings that were used were developed from a previous Volpe study. Participants
were asked to complete this paper-based test to score their fatigue, workload, and stress level
subjectively on visual analog scales. The 0 to 100 visual analog scales are 100 mm in length.
During each break the participants were asked to report their subjective score on fatigue,
workload, and stress by placing a tick mark somewhere between the 0 - 100 range. The
distance from point 0 to the tick mark was measured in order to score the self-reported stress
level.
2.2.1.3 Paired runs
Besides the participant, another person was present in the simulator cab during paired runs.
This person was conveniently seated on the assistant engineer seat on the other side of the cab
from where the participants were seated. This additional person in the cab was a confederate
who was employed to take the role as an assistant engineer in the study scenario. The
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participants were told that this second person was also a participant in this study to avoid any
effects on the participants' performance that might be created by the presence of an individual
with higher authority.
Participants had never met the confederate until the night of the paired run. Participants and
the confederate had a chance to talk to each other during the introduction session in the
beginning of the run.
In order to enhance social interaction between the participants and the confederate, they both
were told that they had the same goal of moving the train to the destination safely.
Participants were encouraged to freely ask the confederate to assist him in any way possible.
For example, participants could ask the confederate to remind him about the work order,
confirm the locations of speed changes, and repeat the milepost number just passed, similar to
what was found in the two-engineer train operation. However, participants could not ask the
confederate the milepost number just passed in order to answer the dispatcher call, could not
ask the confederate to remind him to blow the horn for the in-track obstacles or if there was a
change in compressor sound. These restrictions were enforced because the confederate would
have remembered exactly where the events would occur from repeating the runs and would
give assurance that participants' would perform better in the paired run. Therefore, simulator
performance measures of the participants between single and paired runs would not be able to
be compared fairly.
Participants were also told that the confederate was not allowed to assist him with operating
the train directly. Only the participants were allowed to be on the driver's side.
In addition to the simulator and non-simulator tasks described above, participants were
required to do the following tasks in the paired runs:
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Call-out signal
During paired runs, participants and the confederate were asked to call-out the overhead
signals as soon as they appeared. Either the participant or the confederate could initiate calling
out the signal. When one person called out the signal, the other person must confirm the
signal indication, similar to what was found in a two-engineer train operation. There were
three signal indications: 'clear' if the signal was green, 'approach' if the signal was yellow,
and 'stop' if the signal was red. Although the participants encountered yellow and red signals,
they were asked to follow the work order and continue running the train unless there was an
instruction from the dispatcher to stop the train. The participants were asked to stop the train
only when they reached the destination milepost.
In-cab Communication
Participants were allowed to initiate conversation to the confederate on any topics at anytime
as much as they wanted. On the other hand, the confederate was not allowed to initiate any
conversation to the participants, because it would create distractions to the participants'
attention. The in-cab communication between participant and the confederate was recorded
with the participant's consent.
2.2.2 Confederate's Tasks & Measures
Besides calling-out signals and responding to the participant's conversation, the confederate
was ask to record the number and type of conmmunication volleys per minute between the
participant and the confederate. The communication topics were categorized into three types:
calling-out and confirming signal indication ('c'), general conversation ('I'), and a mixed
conversation between calling-out signal and general conversation (a combination of c's and
l's). The rule was that only the participant could initiate the general conversation. This rule
allowed for observing whether the participants used the opportunity to converse with the
second engineer as a strategy to maintain his alertness.
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Confederate's alertness level was determined by mean of recording his PERCLOS
continuously during the simulator session. The confederate was also asked to perform
Psychomotor Vigilance Task (PVT), Subjective Ratings, Waypoint, and Automated
Neuropsychological Assessment Metrics (ANAM) administered during break sessions. The
confederate's data on these non-simulator tasks were analyzed in a separate Volpe report.
The following table summarizes the measurements taken prior to the night-runs and during
night-runs:
Table 1: Measurements
Devices and Tasks Measurements Period
Daily Sleep Logs Sleep-wake cycle Training -I"l Night run
Actiwatch Micromovements in the wrist Training - It Night run
Subjective Rating Subjective rating scales (mm) Break sessions
Questionnaires
PVT Reaction time (msec) Break sessions
Reaction time, # of Correct, Wrong, Break sessions
and Missed Responses
Waypoint* Odds ratio Break sessions
Speed Compliance Percentage overspeed Simulator sessions
In-track Obstacles Percentage missed Simulator sessions
Milepost Questions Percentage missed Simulator sessions
Auditory Vigilance Percentage missed, reaction time Simulator sessions(msec)
Copilot Percentage eyelid closure (3Hz) Simulator sessions
Novasense* EMG of the wrist and thumb muscles Simulator sessions
Communication Communication volleys Simulator sessions
*Data were sent to the developer for analyses.
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In addition to the above measurements, communication between participants and the
confederate during the simulator sessions was recorded using a Sony digital audiotape
recorder model 59ES. Participants' face and train simulation was also recorded continuously
using two Panasonic AG-6760 video tape recorders. Participants' consent was obtained prior
to any audio and videotaping.
2.2.3 Participants
Eight healthy participants participated in the study and were recruited from local model
railroad clubs with the following criteria:
1. The participant must be male between the ages of 35 and 65 years old. This criterion
assured for a study population that would represent the real train engineer population.
2. The participant must not smoke. An active smoker would bring other external factors
(such as anxiety), which would influence his performance.
3. The participant must not be colorblind. Most of the simulator tasks, such as calling-out
signal and detecting in-track obstacles involved various colors and required
participants to distinguish the different colors.
4. The participant must not be presently diagnosed with sleep disorder, anxiety, or
depression. This criterion minimized the external factors that might influence
participant's performance.
5. The participant must not be presently taking any medication that help sleeping or
staying awake. This criterion assured that participants were not experiencing a
sleeping disorder.
6. The participant must not have any uncorrected hearing problem. The auditory
vigilance task required participants to be able to detect the change in the compressor
sound.
7. The participant must have a nonnal sleep-wake cycle. This criterion assured that none
of the participant's circadian rhythm had been shifted in which case comparisons in
performance and alertness between participants could not be made.
8. The participant must have a normal amount of sleep. This criterion assured that
participants were not sleep-deprived.
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9. The participant must have an acceptable Epworth Sleepiness Score (a score of 9 or
less). The Epworth Sleepiness Score is a widely used measure to quantify level of
daytime sleepiness (Johns, 1991). A score of 9 or less indicates normal human
sleepiness.
The selection of participants was determined from their answers to the participant background
survey, which can be found in the Appendix. Each participant was given a unique ID number
to protect his anonymity.
Table 2: Participant Demographic
Mean Total Mean Total TST (hr) TST (hr) Introversion Scale
Participant Age Sleep Time Sleep Time night before night before >28 high intro,
First rior r (TST pror to First Run Second Run <20 low intro
OTS 03 M3 40 6.9 8.4 7.1 7.3 N/A
OTS 03 M6 65 7.3 7.0 7.2 7.0 N/A
OTS 03 M13 49 6.6 7.9 6.5 6.5 N/A
OTS 03 M4 48 8.1 8.4 8.5 8.7 10
OTS 03 M2 31 7.7 5.8 7.2 6.6 9
OTS 03 M12 51 7.2 7.2 7.0 7.0 23
OTS 03 M5 64 7.5 8.3 8.0 8.0 31
OTS 03 M10 59 8.7 8.1 8.5 8.0 14
Mean 50.875
Median 50
With the exception of participant 2, all other participants were between the age of 35 to 65
years old. Participant 2 was recruited prior to a change in the recruitment criteria. The
participants' age mean and median, which is 50.9 and 50, is close to the mean and median of
real engineers, which is 47.5 and 49. In order to avoid bias between single and paired
operation, none of the participants in the study had any relationship with real train operation.
All aspects of the training and experimental protocols, participant background survey, and
informed consent were reviewed and approved by the MIT Committee On The Use of
Humans as Experimental Subjects prior to any investigation. All selection materials and
informed consent form can be found in the Appendix. The study protocol was briefly
described in the PDF poster made as an attachment to a carefully written email that was sent
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to various local model railroad clubs in the eastern Massachusetts areas. Interested people
were asked to call the Volpe Center to receive more information on study protocol. These
people were briefly interviewed and preliminary screened during this phone conversation. If
the person passed the preliminary screening, an ID number was assigned and an introductory
package was sent to him. This package consisted of an introductory letter, participant
background survey, map and directions to the Volpe complex. After completing the
background survey, these potential participants returned the survey in the enclosed-postage
paid envelope. Those people who had good health history, normal sleep-wake schedule, and
had no sleep disorder based on their scores on various sleepiness scales were invited to the lab
and scheduled a training session.
Payment
In order to maintain motivation to do well, participants were paid a base amount and received
a bonus based on their performance on the simulator tasks. In the case where participants
became too tired to continue, participants were sent home and paid a pro-rated amount.
Payments were calculated at the end of the second night-run and a check was sent to each
participant within a month after the second night-run.
The payment breakdown was as follows:
- Completion of training = $100
- Base payment for each overnight run (2) = $150
- Performance bonus = up to $350
The reward breakdown was as follows:
- Wearing the Actiwatch and completing sleep logs = $50
- On time arrival during simulation (4 per run) = $10 per arrival
- Arriving to station earlier than scheduled = $0.25 per minute
- Over-speed penalty = -$1 per minute
- Correctly blowing horn for the deer = $3 each time
- Correctly answering dispatcher call = $3 each time
- Responding to compressor sound change <3 sec = $3 each time
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- Responding to compressor sound change between 3 to 5 sec = $2 each time
- Responding to compressor sound change >5 sec = $1 each time
The on-time arrival bonus was determined by comparing the length of time participants
needed to arrive at the destination milepost with the one achieved in the standard run. The
experimenter created the standard run by maintaining the train speed as close as possible to
the speed limit and decreasing/increasing train speed as smooth as possible. Participants
would receive more bonus money if they could arrive earlier than scheduled or needed a
shorter time to arrive at the destination milepost.
2.3 Procedures
Each participant visited the train simulator laboratory three times. The first visit was a 4-hour
training during the day. The second and third visits were 10-hour experimental runs. During
each night run, participants drove a simulated train either alone (single) or with another
person in the cab (paired). At the conclusion of each night run, participants were not allowed
to drive home and provided with a paid taxi ride instead.
2.3.1 Training
During the training session, the participant was informed of the details of the study protocol,
introduced to the vigilance monitoring devices, and given a chance to become familiar with
the train simulator and psychometric tasks. The training session occurred during the day and
took about 4 hours.
In the beginning of the training session, the experimenter introduced the study and explained
the detail of the study protocol. Participants were informed that the overnight session would
be conducted in a darkened laboratory environment. Then, participants were given a chance to
read and sign the informed consent and letter of intent forms. Participants were also informed
about the potential reward and method of payment.
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During training, participants were shown the testing devices and took tests on PVT,
Waypoint, ANAM, and Subjective Ratings. These baseline data were collected to provide
measurements of the participant's alertness under typical diurnal work conditions. Participants
were introduced to the train simulator controls and guided on how to operate the simulated
train. Participants were told about each of the train simulator tasks: maintaining train speed
closely to the speed limit, blowing the horn at deer on the track, answering dispatcher
milepost questions, and responding to the change in compressor sound. The participant was
also asked to call each signal if there was another person in the cab. Participants perforned
several practice runs during this training session until all tasks were completed satisfactorily.
These practice runs in the train simulator usually occupied most of the training session.
At the end of the training, participants were asked to wear the activity monitor (Actiwatch)
and complete daily sleep-wake logs until the day of the first experiment night run. Participants
were given the equipment instructions and basic train handling notes. These notes allowed
participants to review all infonration given during the training.
A more detailed breakdown of the Participant Training day is described in the Training
Checklist, included in the Appendix.
2.3.2 Overnight Experiment Runs
Six to eight days after training, participants came to the lab for the first experimental session.
The session started at 9PM and ended approximately at 7AM. The entire 10 hours was spent
in a darkened laboratory environment (20-30 lux). During this first experimental session
participants were asked to operate the train simulator as well as complete a variety of tasks.
Participants were accompanied by at least one investigator team member through the night.
Participants either worked on the train simulator alone or with a second person. Each
simulator session took approximately 1.5 hours. Then participants were given 30-minutes to
do some computer and paper-based tasks which allowed measurement of cognitive
performance ability (ANAM), reaction time (PVT), Subjective fatigue, workload, and stress
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levels followed by a short snack and restroom break. This pattern of simulator operation,
testing and short break was repeated 3 times during the night. Participants eventually became
drowsy, but were asked to try to stay continuously awake as best as they could. Each day at
the conclusion of the first experimental session participants continued completing sleep-wake
log.
Three to seven days after the first experimental session, participants came in for a third
overnight visit to operate the train simulator and completed the various computer and paper-
based tasks every hour and a half. Again, total session time was approximately 10 hours. At
the conclusion of this experimental run participants were asked to complete a final debriefing
form, and time was spent answering any questions participants had about the experiment.
A more detailed breakdown of the Overnight Experiment Run is described in the Experiment
Checklist, which included in the Appendix.
Table 3: Experimental Protocol
Experiment Phase Events Data Collected
" Participant came to Volpe for introduction
* Participant received detailed protocol explanation
* Participant completed consent, letter of intent, and
reimbursement form
* Participant took baseline tests on various vigilance 0 Subjective Ratings
Training monitoring devices * PVT
* Participant completed 2 hours practice run on the * Waypoint
simulator * ANAM
" Participant sent home with an Actiwatch and daily
sleep logs
* Participant was given a taxi voucher for coming to
Volpe on the first experiment run
" Participant continued wearing Actiwatch and
Between Training marked wake and sleep time by pressing the * Actiwatch
and First Night-Run button twice * Daily Sleep Logs
" Participant completed daily sleep logs __
* Participant came to Volpe for the first experiment * Compressor
run Intensity Level
First Night-Run 0 Participant brought the completed daily sleep logs * Subjective Ratings
and returned the Actiwatch * PVT
* If this is a two engineers run, participant was * Waypoint
introduced to the second engineer * ANAM
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Experiment Phase Events Data Collected
" Participant took sound level test * Copilot
" Participant was given a short practice run * Novasense
" Participant took tests on various vigilance * Over speed
monitoring devices before, in between, and after 9 Deer
each train simulation session 0 Milepost Questions
* Participant completed train simulation tasks in * Audio Vigilance
four 100 minutes train simulation sessions
* Participant was sent home with daily sleep logs
and taxi voucher
* Participant was given a taxi ride at the end on the
overnight run
Between First
Night-Run and 0 Participant completed daily sleep logs * Daily sleep logs
Second Night-Run
" Participant came to Volpe for the second
experiment run
" Participant brought the completed daily sleep logs 0 Compressor
* If this is a two engineers run, participant was Intensity Level
introduced to the second engineer * Subjective Ratings
* Participant took sound level test 0 PVT
* Participant was given a short practice run * Waypoint
Second Night-Run * Participant took tests on various vigilance 0 ANAM
monitoring devices before, in between, and after 0 Copilot
each train simulation session 0 Novasense
* Participant completed train simulation tasks in 0 Over speed
four 100 minutes train simulation sessions * Deer
* Participant completed a debriefing survey and was * Milepost Questions
debriefed about the study 0 Audio Vigilance
* Participant was given a taxi ride at the end on the
overnight run
After Second Night- Participant received payment at home 0 Reward
Run
4. RESULTS AND DATA ANALYSIS
There were two objectives for conducting this study. The first objective was to conduct a pilot
study to provide a developed protocol for future use in Volpe train simulator study. The
second objective was to provide preliminary answers to the specific questions cited in the
introduction. These questions are repeated as subheadings in this section.
There were eight subjects who successfully completed the two experimental runs. However,
we were unable to consistently use data of all eight subjects for the following reasons:
- Evidence suggests that PERCLOS data of any subject who wore glasses is likely to be
corrupted. Subjects who wore glasses during train simulator sessions have
substantially either lower PERCLOS values or low eyes detected values compared to
those who did not wear glasses. It is suspected that Copilot camera, which measured
PERCLOS values, was confused in distinguishing the true reflection of human eyes
from the reflection produced by metal-framed glasses. Out of the eight subjects, there
were only three subjects who did not wear glasses as shown in the following table:
Table 4: Subject - Glasses / No Glasses
ID Number Glasses /No Glasses
OTS_03_M3 No
0TS_03_M6 Yes
OTS_03_M13 Yes
OTS_03_M4 Yes
OTS_03_M2 No
OTS_03_M12 No
OTS_03_M5 Yes
OTS_03_M1O Yes
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PERCLOS data of those subjects who wore glasses were excluded from further data
analysis. Furthermore, copilot malfunctioned on Subject 12's run. Therefore, only
PERCLOS data of subject 2 and 3 were statistically analyzed.
PERCLOS data of the confederate were not available for various reasons. The
additional Copilot camera specifically used to capture confederate PERCLOS data
was only available in experimental run of subject 12, 5, and 10. Unfortunately, these
available data were not recorded properly because of software malfunction. Thus,
confederate data were not available for all runs.
The train simulator broke down on the second night of subject 6's experimental run.
The breakdown resulted in several computer reboots and the computer produced loud
noises, which might have provided extra stimulus to the subject. It was noted that
subject 6's data on the second night-run might have been affected by these additional
stimulations. The breakdown also resulted in a longer simulator run for subject 6,
which is shown in the following graph:
Figure 4: Simulator Duration
Simulator Duration
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Subject 13 admitted that he was more tired coming to the lab on the second night
because of personal commitment during the day. Subject 13 dozed off several times
while performing PVT and train simulator tasks. The differences in perfonnance and
alertness results might have been caused by the fact that subject 13 came to the lab
more tired on the second night. However, because the alertness level of participants
coming to the lab was impossible to measure objectively, it was unfair to exclude data
of subject 13 for further analyses. Other participants might experience different levels
of alertness coming to the lab on the first night compared to the second night, but the
fact was not known because there was no measurement of alertness level when the
participants just arrived to the lab.
Most protocol changes occurred after the first experimental run. Subject 3 was the first
subject. One of the biggest protocol changes was adding volume level test for the
audio vigilance task prior to each run. Subject 3 was able to detect all the changes in
compressor sound because the volume was loud. Therefore, the auditory vigilance data
for subject 3 was excluded from the auditory vigilance data analysis.
Another change in the procedure was the initiation of a change in compressor sound,
which occurred after subject 3, 6, 13, and 4 had completed their runs. The compressor
sound was initially changed automatically after 5 to 15 minutes and therefore the
occurrence of the stimulus with respect to the simulator scenario was random between
one session and another. Although the changes in compressor sound occurred on
average 4 times per session, the number of occurrence was not consistent. Therefore, it
was later realized that this method did not allow for fair comparison between single
and paired runs. For subject 2, 12, 5, and 10, the initiation of a change in compressor
sound was pseudo-randomized. The time of occurrence with respect to the simulator
scenario was predetermined using the random generator and the change in compressor
sound was produced by manually pressing a button.
In summary, auditory vigilance data of subject 3 was excluded and only PERCLOS data of
subject 2 and 3 were included in data analyses.
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Although the night runs were planned to start at 22:00:00, the first few subjects started the
simulator session at later time than 22:00:00. This was due to several equipment failures that
occurred before the simulator started.
The following figure summarizes the session start and end time for each run of each subject.
Figure 5: Session Start Time & End Time
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The following table shows the counterbalancing of all the runs.
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Table 5: Counterbalance
No. Subject ID 1s Run 2 "d Run
1 OTS_03_M3 1 engineer 2 engineer
2 OTS_03_M6 1 engineer 2 engineer
3 OTS_03_M13 1 engineer 2 engineer
4 OTS_03_M4 2 engineer 1 engineer
5 OTS_03_M2 1 engineer 2 engineer
6 OTS_03_M12 2 engineer 1 engineer
7 OTS_03_M5 2 engineer 1 engineer
8 OTS_03_Ml0 1 engineer 2 engineer
4.1 Is there any significant relationship between percentage eyelid closure
recorded for participants and the confederate during paired experimental runs?
The percentage eyelid closure of the confederate was not available to be compared with those
of the participants due to equipment malfunction.
4.2 Is there any significant difference in the percentage eyelid closure recorded
for participants between single and paired experimental runs?
It was expected that PERCLOS values over the course of the night would increase because
subject was expected to be increasingly tired over this time. It was also expected that the
confederate produced stimulation to the subject, which would result in higher alertness level
for a subject during paired experimental run compared to single experimental run.
PERCLOS values were recorded for each subject continuously only during the simulator run.
Three data samples were recorded every second (3Hz). In order to evaluate the data,
PERCLOS values were typically reduced into three-minute moving averages and were
evaluated as a time series with respect to time of day. Because subjects started at slightly
different time and ended the session at slightly different time for each run, it was impossible
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to evaluate PERCLOS values within or between subjects in this study. Therefore, three-
minute moving average of PERCLOS values were graphed for each night-run of each subject
only to evaluate the trend (if any) of subject's PERCLOS values between single and paired
experimental run. Furthermore, average PERCLOS values of each session, called X, , X 2 ,
X 3, and X 4 , were calculated from raw data and shown in the following graphs. Only
PERCLOS values of subjects who did not wear glasses are shown here based on the
questionable reliability of the other subjects' data as mentioned above.
Figure 6: PERCLOS, OTS_03_M2, First Run, Single
M2 Percios by Session, P3
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Figure 7: PERCLOS, OTS_03_M2, Second Run, Paired
M2 Perclos by Session, P3
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For both single and paired runs, subject 2 average PERCLOS values are increasing over time.
The average PERCLOS values of session 1, 2, 3, and 4 of the single run are 11.19, 16.05,
20.09, and 21.01. Similarly, the average PERCLOS values of session 1, 2, 3, and 4 of the
paired run are 8.86, 17.25, 29.30, and 34.88. With the exception of session 1, the average
PERCLOS values for the paired run are relatively higher compared to the single run. This
result contradicts the original expectation. In this case, subject 2 seems to be more alert during
the single run.
Figure 8: PERCLOS, OTS_03_M3, First Run, Single
M3 Perclos by Session, P3
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Figure 9: PERCLOS, OTS_03_M3, Second Run, Paired
M3 Perclos by Session, P3
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Similarly, PERCLOS values of subject 3 are also increasing over time. The average
PERCLOS values of session 1, 2, 3, and 4 of the single run are 5.75, 11.45, 16.55, and 16.02.
The slight decrease at the last section may be due to the late start time. The increase and
decrease in alertness level conforms human circadian rhythm. As shown in the above graphs,
section 4 occurred between 7:00AM and 8:30AM, when the human wakes up. The average
PERCLOS values of session 1, 2, 3, and 4 of the paired run are 8.23, 12.07, 11.23, and 18.23.
With the exception of session 3, the average PERCLOS values for the paired run are
relatively higher compared to the single run. Again, this result contradicts the original
expectation. In this case, subject 3 seems to be more alert during the single run.
In order to show trend the of PERCLOS values between single and paired runs, data of single
and paired runs of these two subjects were averaged to produce the grand average of single
and paired runs. Standard errors of these grand averages were also calculated and shown by
the brackets in the following graph.
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Figure 10: PERCLOS, Single vs. Paired
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The average PERCLOS graph shows a trend of higher PERCLOS values for paired run
compared to single run. This result is contradicting the initial expectation. However, the large
standard error shown by the error bars in the above graph does not allow for making any
significant conclusions.
To test for any significance between single and paired runs and between sessions, a three-way
ANOVA was performed. The three main effects are subjects (2), single/paired (2), and
sessions (4). The dependent variable is 3-minute moving average of PERCLOS values
obtained from the above two subjects. In order to have a balanced number of data between the
effects, the number of data per session per run was standardized. The result is shown in the
following table.
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Table 6: Perclos ANOVA result
Source SS df Mean F Sig. ObservedSquare Power
SUBJECT 17324 1 17324 254 0.000 1.000
ENG 2195 1 2195 32 1.644E-08 1.000
SESSION 38869 3 12956 190 0.000 1.000
SUBJECT * ENG 1943 1 1943 28 1.063E-07 1.000
SUBJECT * SESSION 3726 3 1242 18 1.32E-11 1.000
ENG * SESSION 4838 3 1612 23 6.22E-15 1.000
SEBJICT * ENG 5837 3 1945 28 0.000 1.000
Error 83720 1232 68
Total 484514 1248
Corrected Total 158400 1247
Table 3 displays the sum of squares (SS), degree of freedom (df), mean squares, F values (F),
level of significance (Sig.), and observed power. The results show that there are significant
differences (p < 0.05) when testing subject as the main effect (F (1,1232) = 254, p < 0.05),
between single and paired run (F (1, 1232) = 32, p < 0.05), between simulator session 1, 2, 3,
and 4 (F (3, 1232) = 190, p < 0.05). The interactions between the independent variables are
also significant. PERCLOS values between subjects differ regarding the single and paired
conditions of the run (F (1, 1232) = 28, p < 0.05). PERCLOS values between subjects also
differ regarding the sessions (F (3, 1232) = 18, p < 0.05). PERCLOS values between single
and paired runs also differ regarding the sessions (F (3, 1232) = 23, p < 0.05). Lastly,
interaction between the three main effects (subject, single/paired, and session) was also found
(F (3, 1232) = 28, p < 0.05).
A standard multivariate regression was performed between the 3-minute moving average of
PERCLOS values as the dependent variable and workload and time since awake as
independent variables. Analysis was performed using an SPSS Regression. To obtain
workload values, the simulator scenario was divided into 5 workload categories: low,
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medium, high, transA, and transD. Low workload was labeled during a 30 mph speed limit in
which participants applied minimum effort to maintain train speed, medium workload was
labeled during a 65 mph speed limit in which participants applied average effort to maintain
train speed, and high workload was labeled during a 15 mph speed limit in which participants
applied maximum effort to maintain train speed. TransA is a workload category applied
during transition to a higher speed limit (from 15 mph to 30 mph, 15 mph to 65 mph, and 30
mph to 65 mph). TransD is a workload category applied during transition to a lower speed
limit (from 65 mph to 30 mph, 65 mph to 15 mph, and 30 mph to 15 mph). Because the
workload level is a discrete variable (low = 1, medium = 2, high =3, transA = 4, and transD =
5), workload level was converted into a set of dichotomous variables (low = 1 vs. not low = 0,
medium = 1 vs. not medium = 0, high = 1 vs. not high = 0, transA =1 vs. not transA = 0, and
transD = 1 vs. not transD = 0).
Table 7: Regression of Time since Awake and Workload Variables on PERCLOS values
PERCLOS (DV)
P r p-value
Time since Awake 0.357 0.357 4.01E-23
Low 0 0.086 0.0005
Medium 0.091 -0.004 0.443
High 0.026 -0.062 0.009
TransA 0.031 0.024 0.184
TransD -0.014 -0.017 0.257
Table 4 displays the standardized P weights, correlations between independent variables (time
since awake, low, medium, high, transA, and transD) and the dependent variable
(PERCLOS), and their level of significance. R for regression was significantly different from
zero, F(5, 1462) = 46.083, p < 0.001. Only three of the independent variables contributed
significantly to prediction of PERCLOS values, time since awake (r = 0.357), low workload (r
= 0.086), and high workload (r = -0.062). It was found that "time since awake" contributed
the most to the prediction of PERCLOS values (r = 0.357).
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4.3 Is there any significant difference in the amount of time participants take to
react to a psychomotor vigilance task between single and paired experimental
runs?
As a measure of alertness, the psychomotor vigilance task provides measurement of human
motor reaction time. The more tired or sleepy the person is, the higher his motor reaction time
should be. It was hypothesized that the reaction time would be increasing over the night
because subjects would be increasingly tired. In order to evaluate the trend of increasing
values over the night and differences between single and paired run, mean reaction time for
each run was calculated by combining raw data of all subjects per session. Standard errors of
these averages were also calculated and shown by the brackets in the following graph.
Figure 11: PVT, Single vs. Paired
As it was hypothesized, the graph of mean reaction time shows that reaction time increases
over time for both single and paired run. The mean reaction times of the first session of the
single run and paired runs are 228 (SD = 12.96) and 225 (SD = 23.77). The mean reaction
times of the last session of the single and paired runs are 270 (SD = 71.19) and 317 (SD =
204.96). The graph also shows that reaction time for session 3, 4, and 5 in the paired run is
higher than in the single run. This result suggests that subjects were more alert in the single
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run compared to the paired run. However, with such a large error bars on the paired data, it is
impossible to suggest any conclusion without further investigation.
Two-way repeated measure of ANOVA was conducted to evaluate the significance of the
difference between single run and paired run and between sessions. The test performed used
two within factors: Single/Paired with 2 levels x Session with 5 levels. When tested the main
effect of Single/Paired, the result did not show any significance (F (1,5) = 0.607, p > 0.05).
The result of testing the main effect of Session also did not show any significance (F (4,20)=
1.453, p > 0.05). There was also no interaction found between Single/Paired x Session (F
(4,20) = 1.061, p > 0.05). The results of these significance test was not surprising because
reaction time data did not show any obvious trend in Figure 11.
When the reaction time data were looked at closely for each participant, it was found that
there was a difference between the youngest participant (31 years old) and the oldest
participant (65 years old).
Figure 12: PVT, Youngest vs. Oldest
As shown in Figure 12, the reaction time of the youngest participant was unchanging over the
night (mean RT = 202.3, 200.5, 198.8, 208.6, 205). Contrarily, the reaction time of the oldest
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participant was rapidly increasing over the night (mean RT = 259, 294.6, 344.4, 487, 625'.5).
This result suggests that the performance of the oldest participant was deteriorating more
rapidly over the course of the night compared to the youngest participant.
Number of lapses, 10 % fastest reaction time, and 10% slowest reaction time were also
investigated but there was no trend found. Graphs of these variables can be found in the
Appendix.
4.4 Is there any significant difference in self-reported level of fatigue by
participants between single and paired experimental runs?
It was expected that there would be a difference in self-reported level of fatigue between
single and paired runs. During each break the participants were asked to report their level of
fatigue in a subjective ratings questionnaire by placing a tick mark somewhere between the 0
- 100 range. The distance from point 0 to the tick mark was measured in order to score the
self-reported fatigue level. To show differences between single and paired run, the self-
reported fatigue scores were averaged across all subjects for each session. Standard errors of
these averages were also calculated and shown by the brackets in the following graph.
Figure 13: Subjective Ratings (Fatigue)
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As it was predicted, the self-reported fatigue scores of the participants increased over time.
This means participants became increasingly fatigues as time increased. The above graph
shows that there is no difference of self-reported fatigue between single and paired run.
To test the significance of the difference between single and paired runs and between
sessions, a two-way repeated measure ANOVA was conducted. The test performed used two
within-subject main effects: Single/Paired with 2 levels and Session with 5 levels. The test
result for the main effect Single/Paired is not significant (F (1,7) = 0.257, p > 0.05). On the
other hand, the test result of main effect Session is significant (F (4,28) = 20.413, p < 0.05).
This means there is a significant difference in self-reported fatigue between sessions.
Interaction was not found between Single/Paired x Session (F (4,28) = 0.505, p > 0.05).
Because a significant result was found when testing the main effect Session, further paired-T
test was conducted to compare between session 1 and session 5. It was found that the self-
reported fatigue was significantly different at (x = 0.05 between session 1 and session 5 during
single run (t = 5.145, p = 0.00066) and during paired run (t = 5.097, p = 0.0007). As shown in
Figure 13, the self-reported fatigue was significantly higher in session 5. This result
encourages the conclusion that participants were more tired over the night.
4.5 Is there any significant difference in self-reported level of workload by
participants between single and paired experimental runs?
It was expected that there would be a difference in self-reported level of workload between
single and paired runs. During each break the participants were asked to report their level of
overall workload in a subjective ratings questionnaire by placing a tick mark somewhere
between the 0 - 100 range. The distance from point 0 to the tick mark was measured in order
to score the self-reported workload level. To show differences between single and paired run,
scores of self-reported workload was averaged across all subjects for each session. Standard
errors of these averages were also calculated and shown by the brackets in the following
graph.
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Figure 14: Subjective Ratings (Workload)
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The above graph shows that self-reported workload score increases over time slight decrease
in session 3, 4, and 5 of the single run. The self-reported workload scored higher in session 3,
4, and 5 during paired run compared to the single run.
To test the significance of the difference between single and paired runs, a two-way repeated
measure ANOVA was conducted. The test performed used two within-subject main effects:
Single/Paired with 2 levels and Session with 5 levels. The test result for the main effect
Single/Paired is not significant (F (1,7) = 2.446, p > 0.05). On the other hand, the test result of
main effect Session is significant (F (4,28) = 14.878, p < 0.05). This means there is a
significant difference in self-reported workload between sessions. Interaction was not found
between Single/Paired x Session (F (4, 28) = 1.103, p > 0.05).
Because a significant result was found when testing the main effect Session, further paired-T
test was conducted to compare between session 1 and session 5. It was found that the self-
reported workload was significantly different at ax = 0.05 between session 1 and session 5
during single run (t = 8.664, p = 2.73E-05) and during paired run (t = 3.378, p = 0.006). As
shown in Figure 14, the self-reported workload was significantly higher in session 5. This
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result suggested that participants felt an increasing workload over the night relative to session
1.
4.6 Is there any significant difference in self-reported level of stress by
participants between single and paired experimental runs?
It was expected that there would be a difference in self-reported level of stress between single
and paired runs. During each break the participants were asked to report their level of stress in
a subjective ratings questionnaire by placing a tick mark somewhere between the 0 - 100
range. The distance from point 0 to the tick mark was measured in order to score the self-
reported stress level. To show differences between single and paired run, the average score of
stress for each run was calculated by combining raw data of all subjects per session. Standard
errors of these averages were also calculated and shown by the brackets in the following
graph.
Figure 15: Subjective Ratings (Stress)
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As it was expected, the above graph shows that self-reported stress increases over time. This
means participants subjectively felt that they were more stressed as the night progressed. The
self-reported stress scores of the participants are slightly higher in the paired run.
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To test the significance of the difference between single and paired run and between sessions,
two-way repeated measure ANOVA was conducted. The test performed used two within-
subject main effects: Single/Paired with 2 levels and Session with 5 levels. The test result of
main effect Single/Paired is not significant (F (1,7) = 1.355, p > 0.05). On the other hand, the
test result of main effect Session is significant (F (4,28) = 11.198, p < 0.05). This means there
is a significant difference in self-reported stress between sessions. Interaction was not found
between Single/Paired x Session (F (4,28) = 0.695, p > 0.05).
Because a significant result was found when testing the main effect Session, further paired-T
test was conducted to compare between session 1 and session 5. It was found that the self-
reported stress was significantly different at a = 0.05 between session 1 and session 5 during
single run (t = 4.084, p = 0.0023) and during paired run (t = 4.338, p = 0.0017). As shown in
Figure 15, the self-reported stress was significantly higher in session 5. This result suggests
that participants subjectively became more stressed over the night.
4.7 Is there any significant relationship between objective and subjective
measures of alertness?
In order to investigate the relationship between objective measures (PVT and PERCLOS) and
subjective measures (self-reported scores of Fatigue, Workload, and Stress), linear correlation
was performed between these measures. It was hypothesized that there would be a significant
linear relationship between PVT reaction time and PERCLOS, between PVT and self-
reported scores of Fatigue, Workload, and Stress, between PERCLOS and self-reported level
of Fatigue, Workload, and Stress, and among the self-reported Fatigue, Workload, and Stress
levels (self-reported Fatigue vs. self-reported Workload, self reported Fatigue vs. self-reported
Stress, and self-reported Workload vs. self-reported Stress).
The following two tables summarize the results. The correlation performed between mean
reaction time of PVT and subjective ratings scores used data of all subjects. However, the
correlation performed involving PERCLOS used only subject 2 and 3 data due to data
unavailability for other subjects. PERCLOS values after break were obtained from the third
62
three-minute moving average of PERCLOS values from the beginning of the simulator
session. The first two minutes of PERCLOS values in the beginning of the simulator session
were excluded as a precaution because participants usually were not settled down until the
third minute into the simulator session. PERCLOS values before the break were obtained
from the last three-minute moving average of PERCLOS values at the end of simulator
session.
Table 8: Correlation between PVT and Subjective Measures
PVT Mean RT Fatigue Workload Stress
Pearson Correlation 1.000
PVT Mean RT Sig. (2-tailed) 
.
N 80
Pearson Correlation 0.075 1.000
Fatigue Sig. (2-tailed) 0.511 
.
N 80 80
Pearson Correlation -0.103 0.567 1.000
Workload Sig. (2-tailed) 0.363 0.000
N 80 80 80
Pearson Correlation -0.305 0.629 0.770 1.000
Stress Sig. (2-tailed) 0.006 0.000 0.000 .
N 80 80 80 80
Table 9: Correlation between PERCLOS, PVT and Subjective Measures
PVT Mean RT Fatigue Workload Stress
Pearson Correlation 0.117 0.343 0.373 0.289
PERCLOS After Break Sig. (2-tailed) 0.666 0.193 0.155 0.277
Pearson Correlation -0.005 0.595 0.508 0.446
PERCLOS Before Break Sig. (2-tailed) 0.985 0.015 0.045 0.083
N 16 16 16 16
From Table 5 the results show that PVT mean reaction time is not significantly positively
correlated with self-reported score of fatigue and workload (r = 0.075, p > 0.05). However,
PVT mean reaction time is significantly correlated with self-reported score of stress (r = -
0.305, p < 0.01). This means that subjects felt less stressful while their objective alertness
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level was low, which was shown by the high PVT reaction time. As expected, the subjective
measures are significantly positively correlated with each other: fatigue vs. workload (r =
0.567, p < 0.01), fatigue vs. stress (r = 0.629, p < 0.01), and workload vs. stress (r = 0.770, p <
0.01).
From Table 6, the results show that self-reported fatigue scores are not significantly correlated
with the 3-minute moving average of PERCLOS values before and after the break session (r =
-0.005, p > 0.05, r = 0.117, p > 0.05). However, the 3-minute moving average of PERCLOS
values before the break are significantly correlated with the self-reported fatigue and
workload scores (r = 0.595, p < 0.05, r = 0.508, p < 0.05). These results are expected. Subjects
scored high fatigue and workload level while their objective alertness level was also high,
which was shown by the high PERCLOS values.
4.8 Is there any significant difference in the amount of time participants exceed
the speed limit between single and paired experimental runs?
In order to investigate trend of over-speeding after each subject completed the runs, the
simulated train speed profile of each run was graphed.
Figure 16: Speed Profile of Subject 2, 1s Run, Single
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Figure 16 shows the speed profile of subject 12. Most of the time, over-speeding occurred in
the 15 mph region because of the difficulty in maintaining train speed at 15 mph.
An average of the proportion of time spent over-speeding was used to show the difference of
this performance measure between single and paired run.
Figure 17: Proportion of Time Spent Over-speeding, Single vs. Paired
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Figure 17 shows that there is no trend suggesting any difference between proportion of time
spent over-speeding between single and paired run.
To test the significance of the difference between single and paired run and between sessions,
two-way repeated measure ANOVA was conducted. The test performed used two within-
subject main effects: Single/Paired with 2 levels and Session with 5 levels. The dependent
variable is the total time (seconds) participant spend over-speeding. The test result of main
effect Single/Paired is not significant (F (1,7) = 0.535, p > 0.05). On the other hand, the test
result of main effect Session is also not significant (F (3,21) = 0.481, p > 0.05). Interaction
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was not found between Single/Paired x Session (F (3,21) = 1.604, p > 0.05). This result is not
surprising because there is no obvious trend in the result graph as shown in Figure 17.
In order to investigate the difference in performance between the first and second run, the
total time participants exceeded the speed limit was averaged for each run. Standard errors of
over-speeding data for each run were also calculated. The result is shown in the following
graph.
Figure 18: Over-speed, First Run vs. Second Run
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+ First Run m Second Run
1I 2
Run
The above figure suggests that there is a difference in performance between first and second
run. The amount of time over-speeding is less on the second run (Mean = 113 seconds per
session, SE = 21) compared to the first run (Mean = 171 seconds per session, SE = 28.4). This
result suggests that participants' learning curve was not saturated at the end of the four-hour
training.
To test for significance, a paired t-test was conducted between the first and second run. The
dependent variable is the amount of time over-speeding per session. A significant result was
obtained (t = 5.154, n = 32, p< 0.01) between the amount of time over-speeding recorded on
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the first and second runs. This result suggests that participant may perform better on the
second rnn regardless whether or not there is another person in the cab.
4.9 Is there any significant difference in the number of instances participants fail
to detect in-track obstacles between single and paired experimental runs?
It was hypothesized that participants would fail to detect the in-track obstacles significantly
less in the paired runs. In order to compare the single and paired data, the proportion of time
the participants failed to detect deer was averaged for each simulator session across subjects.
This average number per session combines the results of three binomial trials (fail or not fail)
and its unit is percentage. The result is shown in the following graph.
Figure 19: In-track Obstacle, Single vs. Paired
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Because of the large error bars shown by the brackets in Figure 19, the result did not show
any obvious trend of differences between single and paired runs. The result shows that there is
very low proportion of failure in detecting the in-track obstacles in the first session, a sudden
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increase of proportion of failure in detecting in-track obstacles on the second and third
sessions, and a decrease of proportion of failure in detecting in-track obstacles on the fourth
session.
A McNemar test for the significance of changes was used to test the significance of the
difference between the result of single and paired runs. The McNemar test is a chi-square test
applicable for "before and after" design in which a person is used as his own control, just like
the design of this experiment. The null hypothesis was, for those participants who change, the
probability that any participant will change his failure of detection from failing to not failing
is equal to the probability that he will change his failure of detection from not failing to
failing. The goal is to have x2 values that have a probability of occurrence under the null
hypothesis of 0.05 or less (cx = 0.05).
The result of the McNemar test is summarized in Table 5. There are 24 observation data for
each condition (single and paired) of each session. Colun A contains the number of changes
the participants detect in-track obstacles from success in single runs to failure in paired runs.
Column D contains the number of changes the participants detect in-track obstacles from
failure in single runs to success in paired runs.
Table 10: Number of Failures to Detect In-track Obstacles
Number of failures Number of changes
Single Paired A D p-value
(d.f. = 1) (one- tailed)
Session 1 0 0 0 0 Not Defined Not Defined
Session 2 4 2 2 4 0.167 > 0.25
Session 3 1 3 3 1 0.25 > 0.25
Session 4 0 1 1 0 0 Not Defined
For session 1, there is no change in the number of failures to detect any in-track obstacles.
For session 2, 3, and 4, it was observed that X2 values are not in the region of rejecting the null
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hypothesis (a = 0.05). Therefore there is no significant difference in the number of failures of
detecting the in-track obstacles between single and paired runs.
4.10 Is there any significant difference in the number of instances participants
incorrectly report milepost numbers between single and paired experimental
runs?
It was expected that the number of instances participants incorrectly report milepost numbers
would be less during the paired run compared to the single run. In order to compare single and
paired data, the proportion of instances participants incorrectly report milepost numbers was
averaged for each simulator session across subjects. This average number per session
combines the results of three binomial trials (fail or not fail) and its unit is percentage. The
result is shown in the following graph.
Figure 20: Milepost Question, Single vs. Paired
As shown by the large error bars in Figure 20, the result did not show any obvious trend of
differences between single and paired run. With the exception of session 2, the average
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proportion of instances participants incorrectly report milepost numbers during the single run
was higher than during the paired run. As it was expected, the proportion of instances
participants incorrectly report the milepost numbers increased over time.
Similar to analyzing the in-track obstacles data, the McNemar test for the significance of
changes was used to test the significance of the difference between the result of single and
paired run. The McNemar test is a chi-square test applicable for "before and after" design in
which a person is used as his own control, just like the design of this experiment. The null
hypothesis was for those participants who change, the probability that any participant will
change his report of milepost n-pmber from correct to incorrect is equal to the probability that
he will change his report of milepost number from incorrect to correct. The goal is to have y2
values that have a probability of occurrence under the null hypothesis of 0.05 or less (c =
0.05).
The result of the McNemar test is summarized in the following table. There are 24
observation data for each condition (single and paired) of each session. Column A contains
the number of changes the participant reports from correct in single runs to incorrect in paired
runs. Column D contains the number of changes the participants report from incorrect in
single runs to correct in paired runs.
Table 11: Number of Instances Participants Incorrectly Report Milepost Numbers
Number of incorrect report Number of changes
Single Paired A D p-value
(d.f. = 1) (one- tailed)
Session 1 2 2 2 2 0.25 > 0.25
Session 2 1 2 2 1 0 Not Defined
Session 3 5 2 1 4 0.8 > 0.15
Session 4 5 4 1 2 0 Not Defined
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As shown in Table 6, the result cannot reject the null hypothesis (u. = 0.05) because p-value is
much greater than 0.05. Therefore, there is no significant difference in the number of
instances the participants incorrectly report milepost numbers between single and paired runs.
4.11 Is there any significant difference in the number of instances participants fail
to react to a change in compressor sounds between single and paired
experimental runs?
It was hypothesized that there would be fewer instances where participants fail to react to a
change in compressor sounds during paired runs compared to single runs. It was also expected
that the number of failures in reacting to a change in compressor sound would increase over
time. In order to investigate the difference between single and paired runs, the proportion of
instances where participants fail to react to a change in compressor sounds was averaged
across subjects for each session. Only those trials occurred when the simulated train was at
the 30 mph or 15 mph region were considered. There were three trials in each session.
Figure 21: Auditory Vigilance, Single vs. Paired
As shown in Figure 21, the result shows no obvious trend of differences between single and
paired runs. Although the average proportion of failure in detecting a change in compressor
sound are higher in the paired run compared to the single run, the error bars prohibit making
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such a conclusion. The result shows that the proportion of failure increases over time as it was
expected.
Because of a change in the procedure after half of the participants completed the runs, a
McNemar test which required equal number of cases between single and paired run could not
be applied for testing the difference between paired and single run. Therefore, a standard chi-
square test was used to compare the results of single and paired runs. The standard chi-square
test assumed independence between the two cases. In order to reject the null hypothesis with
0.05 confidence, X2 has to be large enough so that p < 0.05.
Table 12: Number of Instances
Sound
As shown in Table 7, the results
paired runs.
Participants Failed to Detect A Change in Compressor
did not show any significant difference between single and
4.12 Is there any significant relationship between percentage eyelid closure
recorded for participants and the amount of time participants exceed the speed
limit?
It was hypothesized that there would be a significant relationship between PERCLOS and the
amount of time participants spend over-speeding. The relationship between PERCLOS and
amount of time participants spend over-speeding was expected to be correlated because the
more tired the participants are, the more time he would spend over-speeding. In addition, it
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Number of Failures
Single Paired X2 p-value
(d.f. = 1)
Session 1 5 6 0.09 > 0.9
Session 2 5 9 1.14 > 0.2
Session 3 6 8 0.29 > 0.9
Session 4 6 14 3.2 > 0.05
was also hypothesized that PERCLOS, as a measure of alertness, would be a good predictor to
the amount of time participants spend over-speeding. It has been widely believed that
accidents and poor performance is contributed by low alertness and vigilance (Dinges 1991).
A simple regression was performed to test how well PERCLOS predicts the amount of time
participants spend over-speeding. The regression was performed between the 3-minute
moving average of PERCLOS values as the independent variable (predictor) and the amount
of time over-speeding per minute as the dependent variable (predicted variable). Because
PERCLOS values were available only for subject 2 and 3, the regression was performed only
for subject 2 and 3.
Table 13: Regression of PERCLOS and Amount of Time Over-speeding
Over-speed (DV)
r r2  p-value
PERCLOS -0.148 -0.148 0.022 0.00112
Table 10 displays the standardized regression coefficient (P), correlation between PERCLOS
and the amount of time over-speeding (r), r2, and the significance level of the regression (p-
value). R for regression was significantly different from zero, F (1, 1466) = 33.007, p < 0.05.
It was found that the PERCLOS values contributed significantly to the prediction of the
amount of time over-speeding (p < 0.05). However, the small correlation value (r = -0.148)
means that there is no strong relationship between PERCLOS values and the amount of time
over-speeding. The mean PERCLOS is 16.3317 (SD = 11.108) and the mean Over-speed is
3.9448 (SD = 13.1488).
This non-significant result may be due to two things. First, the amount of time participants
exceeded the speed limit was very small in general. Participants realized that if they spent too
much time over-speeding, they would receive a poor score in their performance, which would
reduce their performance bonus reward. Subject 2 was able to maintain his train speed below
the speed limit always during the first and third sessions of the second run (paired run).
Second, over-speeding mostly occurred when the train was at 15 mph region. The train
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throttle could be released at certain notches to maintain train speed at 30 mph and 65 mph.
However, the participants had to toggle the throttle every few seconds to maintain train speed
at 15 mph. Unfortunately, the 15 mph region is only a small portion of the simulator session
time. For each 1.5-hour simulator session, the 15 mph speed limit region only occurred for a
total of 8 minutes. There may be times when participants were sleepy but were not in the 15
mph range and therefore did not over-speed. But there may also be other occasions when the
participants were not sleepy but were in the 15 mph range and had difficult time maintaining
the train speed.
4.13 In-cab Communication
During paired runs, the participants and the second person in the cab were allowed to
converse at the will. This rule allows measurement of how many communication exchanges
were initiated by the participants over the night. It was believed that real train engineers
would converse with the second engineer as a stimulus to keep himself awake during a low
workload period and boring train ride at night. It was interesting to know whether the
participants in this study would do the same thing as the real train engineers do.
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Figure 22: In-cab Communication
Figure 22 shows average communication volleys of only general conversation across subjects.
The result shows a conversation increase in session 3. The large standard error led to a more
detailed analysis.
Figure 23: In-cab Communication Per Subject
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Figure 23 shows that only subject 3 and 13 increased their conversation level through session
3. This result suggests that only subject 3 and 13 attempted to use the conversation with the
second engineer to create stimuli and increase their alertness level. The rest of the subjects
steadily decreased their conversation level over time.
5. DISCUSSION
In general, no significant result was found to substantiate the benefits of a second person in
the train cab. The small potential effects of having an additional person in the cab might have
been washed out by external factors (noise in the data). These external factors include the
learning effect obtained after the first run, the difference in participants' initial subjective
states, and the difference in participants' personality. However, the study did show a trend of
increasing fatigue over the course of the night consistently in all various alertness measures.
In addition, correlations were found between the subjective measures and were also found
between the subjective measures and one of the objective measures. A difference in the trend
of performance decrement was also found between the youngest and the oldest participants.
Single vs. Paired
This study was intended to provide a preliminary investigation into the difference in human
performance and alertness while performing a simulated train operation alone (single run) and
with another person in the cab (paired run). It was expected that participants would perform
better and feel more alert when there was another person in the cab (paired run). The
performance of participants was measured by the amount of time participants exceeded the
speed limit, the number of instances participants failed to detect in-track obstacles (deer), the
number of instances participants failed to correctly report milepost numbers, and the number
of instances participants failed to detect a change in the compressor sound. The alertness of
the participants was measured objectively using alertness technologies such as PVT (mean
reaction time) and Copilot (percentage eyelid closure or PERCLOS) and was measured
subjectively using self-reported level of fatigue, workload, and stress scored on a 0-100 visual
analog scale.
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The results found no significant differences in participant's performance and alertness data
between single and paired runs. These non-significant results were found when comparing
single and paired runs with the following dependent variables, the amount of time a
participant exceeded the speed limit, the number of instances participant failed to detect in-
track obstacles, the number of instances participants incorrectly reported milepost numbers,
and number of instances participants failed to detect changes in compressor sound. These
non-significant results may be due to the small differences in performance and alertness
between single and paired runs. Unfortunately, with only 8 subjects that completed the runs
(16 total runs) the effect of having an additional person in the cab might be washed out by
other external factors affecting the results. These other factors include the improvement of
performance on the second run due to the experience gained from the first run (learning
effect), the difference in participants' initial state of alertness coming to the lab, and the
difference between participants in how they socially interacted with the second person in the
cab. Each of these external factors is discussed in more detail on the following paragraphs.
Performance Difference: First Run vs. Second Run
Although training was provided before the first simulator run, it seems that participants'
learning in operating the simulated train and performing other tasks is still increasing after the
four-hour training session. The information that was received on the four-hour training
session could not be compared with the information gained from the 10-hours simulator run
of the first night run. From the debriefing session, most participants admitted that they felt
more comfortable operating the simulator tasks during the second run, which include
maintaining the train speed at a certain speed limit, and increasing and decreasing the train
speed.
As shown in the result section, participants' performance in maintaining the train speed was
significantly different between first and second runs (t = 5.154, n = 32, p< 0.01). The graph of
the average amount of time participants exceeded the speed limit on the first and second runs
shows that participants exceeded the speed limit in less amount of time on the second run. The
average amount of time over-speeding per session on the first run is 171 seconds (SE = 28.4)
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and on the second run is 113 seconds (SE = 21). This result suggests that there was a learning
effect at the end of the first run and participants' learning curve was not saturated at the end of
the four-hour training. Therefore, it can be implied that participants may perform better on the
second run regardless whether or not there is another person in the cab.
The Difference in Participants' Initial Subjective States
Another possible external factor that might have influenced the non-significant results
between single and paired runs is the difference in participants' initial subjective states
coming to the lab between the first and second run. These subjective states include alertness
and motivation.
Subject 13 admitted that he felt more tired coming to the lab on the second run due to
personal activity with his children during the day. Unfortunately, because there was no
objective alertness measurement taken when the participants just arrived at the lab, it would
not be fair to send the subject home at that point. The subject would have been sent home if
the subject himself admitted that there was a high possibility that he would not be able to
complete the run because he felt too tired. Subject 4 admitted that he was less motivated
coming to the lab on the second run because he expected the simulated train tasks would be
very boring just like he experienced them on the first run. Subject 3 told the experimenter
after the end of the second run that he was more prepared and excited coming to the first run
compared to the second run. For example, he brought his notes on the first run to remind him
of all the tasks that he was asked to do during the simulator session. Because of a lack of
preparation, subject 3 concluded that work on the second run was more challenging than he
had expected.
The Difference in Participants' Personality: Introversion vs. Extroversion
When asked whether they preferred to drive alone or with a second person in the cab during
the debriefing session at the end of the second run, two participants answered no preference,
two participants preferred to be alone, and four participants preferred to have another person
in the cab. Out of the two participants who answered no preference, one person wrote that he
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thought he would do better with the second person watching him. Out of the two participants
who preferred to drive alone, one participant felt that he was not making much use of the
second engineer and simply felt more comfortable driving alone and the other participant
wrote that he was more focused when driving alone. Of the four participants who preferred
having another person in the cab, one participant said that he simply preferred company, one
participant answered that he preferred having a second engineer because the social interaction
and presence of the second engineer kept things going, one participant answered that he only
preferred a second engineer when he was tired, and another participant said that he preferred a
second engineer because the second engineer gave him an incentive to perform better.
Apparently, the difference in preference of having a second person in the cab was related to
their personality and how they interacted socially. Some of the participants felt that the
presence of the second person kept things going and enjoyed the presence of another person in
the cab while others felt the opposite.
The term introversion-extraversion has received wide acceptance from scholars in psychology
and extensively studied (Eysenck 1970, 1971). The nearer an individual is to the extraversion
extreme the more he is likely to be considered a "people person". The more introverted a
person is, the less need he feels for communication and less value he places on
communicating. Introverts tend to be less sociable and less dependent on other people's
evaluations than more extraverted people. McCroskey et. al. (1990) found significant
correlation between the willingness to communicate (WTC) and extraversion. Introverts
engage less in communication and initiate less conversation compared to more extraverted
people.
Therefore, it could then be hypothesized that participants who have low introversion scores
(more extraverted) would be more likely to have a preference for an additional person in the
cab than those who have higher introversion scores (more introverted). Participants who are
more extraverted were expected to be more willing to communicate and therefore would find
more use of the second engineer. The introversion scores of only the last five participants
were available. Interestingly, it was found that the two participants who preferred to be alone
79
had lower introversion score (more extraverted) than the rest of the participants. This result is
not very surprising as. the significant correlation between extraversion and WTC was found to
be modest (r = 0.29) in a previous study (McCroskey, 1986).
The preference for an additional person in the cab may also depend on how well the
participants and the second person know each other. The preference for an additional person
in the cab might be stronger had the participants and the second person known each other well
ahead of time. In the interviews with several real train engineers, it was found that engineers
preferred to operate the train with the same partner rather than with a new engineer from the
extra-board. A train engineer who is assigned in the extra-board can be defined as extra
personnel who will be available to take over an assignment in case the scheduled train
engineer becomes unavailable. One of the engineers felt more comfortable and safer having
the same person in the cab because he had known his partner for over 15 years and they had
worked well with each other.
Trend with Increasing Time
Although there was no significant result between single and paired runs, the trend of
increasing fatigue as the session progressing was consistent. Both the objective and subjective
measures of alertness suggest an increasing fatigue over the course of the night.
The percentage eyelid closure (PERCLOS) of subject 2 and 3 increased over time. This result
suggests that both subject 2 and 3 experienced a decrease in alertness or an increase in fatigue
over the course of the night. Figure 6 and 7 show increasing PERCLOS values of subject 2
over time. The average PERCLOS values of session 1, 2, 3, and 4 of the single run are 11.19,
16.05, 20.09, and 21.01 and PERCLOS values of session 1, 2, 3, and 4 of the paired run are
8.86, 17.25, 29.30, and 34.88. Figure 8 and 9 show an overall increase in PERCLOS values of
subject 3. The average PERCLOS values of session 1, 2, 3, and 4 of the single run are 5.75,
11.45, 16.55, and 16.02 and PERCLOS values of the paired run are 8.23, 12.07, 11.23, and
18.23. The slight decrease in session 4 on the first run may be due to a later starting time. This
increase and decrease in alertness level conforms human circadian rhythm. Section 4 of
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subject 3's first run occurred between 7:00AM and 8:30AM, the period in which human
circadian rhytln begins to rise.
The results of PVT mean reaction time also show an increase in fatigue over time. Figure 11
shows an increase of mean reaction time for both single and paired runs. The mean reaction
times of the first session of the single run and paired runs are 228 (SD = 12.96) and 225 (SD =
23.77). The mean reaction times of the last session of the single and paired runs are 270 (SD =
71.19) and 317 (SD = 204.96).
The subjective results of the alertness measure also show an increase in fatigue over the
course of the night. The self-reported fatigue increased over time in both single and paired
runs as displayed in Figure 13. A significant difference in self-reported fatigue between
sessions was also found (F (4,28) = 20.413, p < 0.05). A further paired t-test found a
significant difference in self-reported fatigue between session 1 and session 5 of both single (t
= 5.145, p = 0.00066) and paired runs (t = 5.097, p = 0.0007). This result of self-reported
fatigue suggests that participants felt increasingly fatigued over the course of the night.
Trends of increasing workload and stress level were also found over the course of the night.
The self-reported workload level increased over time in both single and paired runs as shown
in Figure 14. A significant difference in self-reported workload scores between sessions was
also found (F (4,28) = 14.878, p < 0.05). Further paired t-test confirmed a significant
difference in self-reported workload scores between session 1 and session 5 of both single (t =
8.664, p = 2.73E-05) and paired runs (t = 3.378, p = 0.006). The self-reported stress level also
increased over time in both single and paired runs as shown in Figure 15. A significant
difference in self-reported stress scores between sessions was also found (F (4,28) = 11.198, p
< 0.05). Finally, a paired t-test also confirmed a significant difference in self-reported stress
scores between session 1 and 5 of both single (t = 4.084, p = 0.0023) and paired runs (t
4.338, p = 0.0017).
The above results suggest increasing fatigue as time in the simulator session and time of day
increased. These results confirm the findings of previous studies, which suggest that key
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factors of fatigue development are time on task (Holding, 1983) and time of day (Kraemer et.
al., 2000). In a review of fatigue, Holding simplified the term fatigue to be the effects of
prolonged periods of work or duty. Other researchers found that the effects of fatigue could be
shown after only a short period of exposures (two hours) to conditions that were thought to be
fatigue-inducing (Fraser, 1956 and Jackson, 1959; cited in Howarth, 2002). On the other
hand, Kraemer, who tested 12 healthy non-sleep-deprived individuals hourly for 27 hours,
found significant time-of-day variation in all of the variables in a test battery result, which
included a visual analogue scale of subjective assessment of sleepiness.
Subjective vs. Objective Measures
The results of correlation tests between objective (PVT reaction time and PERCLOS) and
subjective (self-reported fatigue, self-reported workload, self-reported stress) measures
suggest that there are significant relationships between PVT reaction time and self-reported
stress (r = -0.305, n = 80, p < 0.05), between PERCLOS values before the break and self-
reported fatigue (r = 0.595, n =16, p < 0.05), and between PERCLOS values before the break
and self-reported workload (r = 0.508, n = 16, p < 0.05). The significant correlation between
PVT reaction time and self-reported stress mean that participants reported high stress while
their reaction times were low (low alertness level). As expected, the results of correlation test
on PERCLOS values of subject 2 and 3 data with their scores on self-reported level of fatigue
and workload are significant. No significant relationship (cc = 0.05) was found between PVT
reaction time and self-reported fatigue, between PVT reaction time and self-reported
workload, or between PERCLOS and self-reported stress. The non-significant result between
PVT reaction time and self-reported fatigue are similar to the result of a previous study
comparing subjective and objective alertness during sleep deprivation (LeProult et. al., 2003).
The previous study found no significant correlation between subjective (visual analog scales
of alert, sleepy, weary, and effort) and objective (reaction time task) alertness measures.
Difference in Reaction Time between Youngest and Oldest Participants
When comparing the result of PVT reaction time between subjects, it was found that there
was a difference in the trend of increasing reaction time over the course of the night between
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the youngest (31 years) and oldest (65 years) participants. The reaction time of the youngest
participant was almost unchanging over the course of the night (mean RT = 202.3, 200.5,
198.8, 208.6, 205). Contrarily, the reaction time of the oldest participant was rapidly
increasing over the night (mean RT = 259, 294.6, 344.4, 487, 625.5). This result suggests that
the performance of the oldest participant was deteriorating more rapidly over the course of the
night compared to the youngest participant.
The result of this study suggests that the increased slowing in performance due to fatigue may
be associated with age. Changes of performance associated with age have been extensively
reviewed (Welford, A.T., 1985). As people become older, their sensory (vision) and motor
mechanisms deteriorate. Vision deterioration includes the diminishing in depth of focus of the
eye, in depth perception, and in dynamic acuity. Because of the deterioration in sensory and
motor mechanisms, it has been found that reaction time becomes slower with age. The results
of the difference in the change of PVT reaction time over the course of the night between the
youngest and the oldest participants suggest that performance decrement due to fatigue
increases as people get older.
Debriefing Questionnaire
A sample of the debriefing questionnaire can be found in the Appendix. Some of the
questions asked in the debriefing questionnaire were:
1. What part(s) of the experiment/protocol did you find objectionable or a hardship?
2. What defects did you notice in the simulation portion of the protocol (i.e. clicking
sounds, aberrant images/lights, non-simulator-related sounds, voices, etc.)?
3. How aware were you of time during the simulation run? Were you able to guess well
when the experimental session was nearing its end? How might this be eliminated?
4. Did you notice any patterns in the presentation of simulation-based performance
tasks? If so, what were they?
5. Did you realize that the purpose of the experiment was to understand the vigilance
effects of having a second person in the locomotive cab? If so, when and how did you
come to this realization?
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The following discussion relates to participants' answers to the above questions:
1. Some participants found the chair in the simulator locomotive cab to be
uncomfortable. Some other participants found the non-simulator tasks (e.g. PVT) to be
a hardship. One participant commented that he had a hard time in memorizing the
milepost number just passed. Another subject found the occasional computer halts
(due to the loss of throttle control in the simulator cab) to be distracting.
2. Most participants noticed and were annoyed by the occasional loss of throttle control
in the simulator cab. After the upgrading of the control box, the last three participants
experienced very few losses of throttle control. Some participants also noticed strange
rumbling sounds coming out of the speaker. These extra sounds, which participants
noticed, might have occurred due to the heat produced in the speaker over the night.
3. Although most participants stated that they knew when the last simulator session
would be over, they did not exactly know the time of day. Only two participants
admitted that they did not have a sense of time at all during the experimental run. The
rest of the participants could tell how long they had been in the simulator from the
mileage markers in the simulation. From the work order, participants stated that they
knew they would make a round trip of 125 miles each way. After having experienced
the first night run, most participants knew when the simulation would be over on the
second run.
4. None of the participants was aware of any pattern in the presentation of simulation-
based performance tasks such as the appearance of in-track obstacles (deer), initiation
of milepost call, and change in compressor sound. One participant guessed that the
dispatcher would ask for mileposts every 8-12 miles so he relaxed for a while after
answering. He also admitted that the change in compressor sound was much less
predictable.
5. Some participants realized that the experiment was to understand the effects of having
a second person in the cab as soon as they found out that this condition was changed
from one night to another. They were being told that they would operate the simulated
train once alone and once with a second person in the cab during the training. For most
subjects this realization was anticipated in the beginning. In order to avoid bias
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between single and paired operation, none of the participants in the study had any
experience with operating a real train.
6. RECOMMENDATIONS FOR FUTURE STUDY
Field observation vs. Laboratory experiment
This pilot study attempted to be in the middle ground between field observation and
laboratory experiment. The simulator cab and the train scenery simulation used in this study
were chosen to provide close resemblance with the ones found in real life train operation. The
performance tasks were also design to represent the real train engineer's tasks. As shown in
the result section, the study could not find any significant results to substantiate the benefit of
the second person in the cab. It was suspected that the small potential effects in having an
additional person in the cab might have been washed out by external factors as discussed in
the discussion section.
These external factors, such as the learning effect, existed mostly due to the restrictions posed
in the study design. For example, it was found that Microsoft Train Simulator provided out of
the window scenery closest to reality. However, the Northeast Corridor route design that came
with the software package only covers the distance from Philadelphia, PA to Washington,
DC, which is only one-third of the length of the Northeast Corridor. The distance between
Philadelphia, PA and Washington, DC (125 miles in the simulation, 135 miles in reality) was
not enough to cover the 8-hour simulation (unless the train went very slow). It would take a
tremendous amount of effort and time to design the rest of the Northeast Corridor (Boston,
MA to Philadelphia, PA). Therefore, it was decided that two round trips had to be made in
order to cover the 8-hour simulation each night. This means the participants would operate the
train through the same scenery four times (two southbound trips, and two northbound trips) in
one night.
In this study, participants were asked to operate the train simulator as if a real train engineer
would do in real life. The problem was that the participants had their own interpretation of
what the real engineer would do when attempting to be time-efficient and safe at the same
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time. This interpretation also changed after the first run. Some participants were less
aggressive in how they control the throttle in increasing and decreasing the train speed in the
first run compared to the second run. Some participants were more competitive and
aggressive than others.
Many other problems also occurred. For example, Microsoft Train Simulator did not allow the
experimenter to have ftill- flexibility in collecting data such as time stamp with respect to the
train location. The experimenter had to record time stamp manually in the experimenter data
sheet, which can be found in the Appendix. Although the procedure of recording the time had
been standardized, it was very likely that the experimenter missed the time by a few seconds
or even minutes due to fatigue and sleepiness.
A strict laboratory experiment design with less complicated simulation design and
performance tasks may solve the above problems. If a straight, boring infinite track were used
instead of a carefully designed Northeast Corridor track, the participants would not have to go
through the same scenery over and over again. Learning effect may have been reduced or
even eliminated if the performance tasks were made simpler. Of course, this strict laboratory
study design is less comparable and representative with real train operation. Therefore, it is
very likely that any significant results that may be found in the laboratory may not be found in
real life.
A more sophisticated train simulator, which also provides flexibility in data collection, may
also solve the above problems. However, none of the train simulators existing today offer the
full experience of operating or even being in the real train locomotive cab.
The best way to design a study that will represent real train operation is by conducting field
observations in (real train operation). This type of study will provide face validation of the
real train operation. Significant results found in the field study are more meaningful than
those found in the laboratory. However, it would be even more difficult to find any significant
result in the field study. The small potential difference between the one-engineer and two-
engineer operations is very likely to be washed out in the real train operation.
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This pilot study offers a recommendation to do both the simulator and field studies
simultaneously.
The protocol and study design developed in this study can be used for future simulator study.
Some aspects of the protocol should be modified. The starting time of the train simulator
session should be made the same between runs so that time series analyses can be performed
for analyzing continuous data. A more reliable PERCLOS camera, which is yet to be found,
should replace the current camera. Finally, a more flexible train simulation software should be
used to provide fully computerized data collection.
Field studies should also be conducted to provide comparison between one-engineer and two-
engineer operations in the real world. Train accidents data for one-engineer operations should
be compared with the previous two-engineer operations. A more detailed observation to
investigate the benefits of having a second person in the cab may be made by analyzing the
causes of near accidental data using the procedure used in the study performed by Kogi &
Ohta (1975). Interviews with real train engineers should be continued to provide more
answers as to why one-engineer operation or two-engineer operation is better than the other.
Finally, objective measurements of the engineer's alertness should also be taken in both one-
engineer and two-engineer operations.
7. CONCLUSIONS
In this pilot study, no significant results (a = 0.05) were found when comparing the
participants' performance (various simulator tasks) and alertness (PERCLOS and PVT
reaction time) between single and paired runs. The study, however, found the trend of
increasing fatigue consistently in both subjective and objective alertness measures.
Furthermore, significant correlation between the subjective measures was found and
significant correlation between the subjective and objective measures was also found. An
interesting trend in performance decrement was also found between the youngest and the
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oldest participants. The design and protocol developed in this pilot study will be useful for
future nighttime and long duration train simulator studies. In addition, this pilot study has
identified the probable causes as to why the results were insignificant so that they can be more
controlled in future one-engineer vs. two-engineer studies. Finally, additional research with
more participants will be useful in investigating the difference in performance and alertness of
railroad engineers between one-engineer and two-engineer train operations. This pilot study
emphasizes the need to continue the quest in the one-engineer vs. two-engineer study and the
investigation of safety in one-engineer operations compared to the two-engineer train
operations.
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APPENDIX
APPENDIX A: ADDITIONAL RESULTS GRAPHS
Figure 24: PVT, Lapses, Single vs. Paired
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Figure 25: PVT, Mean of the Fastest 10% RT, Single vs. Paired
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Figure 26: PVT, Mean of the Slowest 10% of RT, Single vs. Paired
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APPENDIX B: DETAILED PROCEDURE
B1. Participants Selection Flowchart
Subiect Recruitment Flowchart:
Distribute Research Poster
Receive Response from Interested Person
Call Participant:
Complete Participant Phone Screening
Does the interested person fulfill the screening criteria?
YES 4, 4,NO
Send Introductory Package
4,
Send Rejection Letter
Receive Completed Introductory Package
Evaluate Participant Background Survey
Decide with Steve if the person fulfills the requirements
YES
Send Acceptance Letter
NO
Send Rejection Letter
4,
Schedule Training & Experiment Run
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B2. Training Protocol Checklist
Railroad Engineers' Situation Awareness and Alertness in One versus Two Engineers
Operation.
TRAINING CHECKLIST
Subject Initial:
Subject ID:
Age:
Training Date:
Training Start Time: AM/PM
o Schedule training date and time
If the subject driving his car to Volpe:
o Get subject's vehicle information:
" Vehicle make:
- Vehicle model:
" Registration number:
o Email guard (Rick Ryerse, ryerse@volpe.dot.gov, 4-2282)
" Email maintenance (Gabe Jacobucci, iacobucciavolpe.dot.gov)
" Send a reminder about where to park, where to meet, no caffeine 2 hrs before coming to
the lab.
o Provide bottled water for subject
" The following forms should be in Subject's Folder:
o Participant introductory letter (2)
o Consent forn
o Letter of intent
o Reimbursement form
o Equipment instruction
o Basic train operating skills
o Device received document
o Morningness-Eveningness Scale
o Sleep logs
o Work order
o Subjective Rating
o The following equipment should be prepared before subject comes:
o Train simulator (open training activity using rail driver, turn on projector)
o Copilot (make sure F OFF)
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o E-Prime (open LeonaVigilanceShort program)
o NovaSense (turn on device before opening the program, check battery)
o Actiwatch (check battery life)
o PVT (turn it on)
o Waypoint and ANAM
Greet subject at the door and lead him to the controller room
o Read the introduction script
o Read the participant introductory letter
o Remind subject what to be expected of him:
o Fill in sleep log & wear Actiwatch for a week from now until the first experiment
day
o Perform all the experiment tasks as best as he can (there is a reward up to $350 for
good performance)
o Sleep and Eat as usual before both experiment runs
o Don't drink caffeine 2 hrs before coming to the lab
o Inform subject that he will spend the 10 hour run in the dark
o Explain the reward system and method of payment
o Ask subject to fill out and sign consent form
o Ask subject to fill out and sign letter of intent
o Ask subject to fill out the reimbursement fonn
o Administer the Morningness-Eveningness Scale (if the subject didn't receive this form in
the intro package)
o Administer Subjective Ratings
o Show sleep log and explain how to fill it out
o Show Actiwatch:
o Explain what it measures (using accelerators in all 3 directions, it measures
activity and records/calculates sleeps and wakes schedule).
o It should be worn every day from now until the first experiment run
o It should be taken off when taking a shower, but don't forget to put it back on.
o The button should be pressed twice just before going to bed and right after waking
up
o Ask subject to fill out and sign Device Received Document
o Show PVT:
o Explain what it measures (motor reaction time).
o Explain how to do the test
o Do 1 minute demo
o Take 10 minutes test for baseline
o Show Waypoint:
o Explain what it measures
o Take 1 test for baseline
o Show ANAM:
o Explain what it contains and measures
o Take 1 test for baseline
o Show Novasense
o Explain what it measures
o Show Train Simulator:
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o Explain what the rules are (refer to the equipment instruction for subject)
o Show cab controls and what each control does (refer to basic train operating skills)
o Show cab view (refer to basic train operating skills)
o Ask subject to start and stop the train (15 minutes)
o Explain what the tasks are (show work order) and ask subject to drive the train
according to the work order (45 minutes)
o Explain and practice the other experiment tasks:
" Blow horn for deer
- Answer milepost questions
" Wear Novasense
" Respond to compressor sound changes (audio vigilance task/e-prime)
" Call out signal (in two engineers operation)
o Ask subject to drive the train and do the above tasks (1 hour)
SUBJECT
1. Start the
2. Stop the
3. Maintain
4. Maintain
5. Maintain
6. Reduce s
7. Reduce s
8. Reduce s
9. Blow ho
10. Correct
11. Detect
12. Call ou
13. PVT:
14.
15.
16.
ANAM
Waypo
Subj ect
CERTIFICATION: Is the subject successfully
train: U Yes
train: U Yes
15 mph: 0 Yes
30 mph: U Yes
65 mph: U Yes
peed from 65 to 15 mph: U Yes
peed from 65 to 30 mph: L Yes
peed from 30 to 15 mph: U Yes
rn for deer: L Yes
ly answer milepost questions: U Yes
altered compressor noise: U Yes
t signal: U Yes
L Yes
:I Yes
int: U Yes
ive Rating: U Yes
complete the following tasks?
U No
U No
U No
U No
U No
U No
U No
U No
U No
U No
U No
U No
U No
U No
U No
U No
o Send subject off with Actiwatch strapped on their wrist, copies of sleep log, equipment
instruction for subject, and basic train operating skills
" Remind subject about:
o Make note (cheat sheet) before coming to the experiment run and may bring it to
the run.
o Not drinking caffeine and/or alcohol 2 hours before coming to the lab
o Fill out sleep log and wear Actiwatch every day from now until the first
experiment run.
o Press the Actiwatch button twice before going to bed and when waking up in the
morning
o Should email at anytime if he encounters any problem with Actiwatch or sleep
logs, or if he has any questions regarding the tasks, equipment, or experiment
procedure.
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B3. Experiment Protocol Checklist
Railroad Engineers' Situation Awareness and Alertness in One versus Two Engineers
Operation.
EXPERIMENT CHECKLIST
Subject Initials: Experimenter Initials:
Subject ID:
Age:
Experiment Date:
One or Two Engineers Operation
FIRST experiment run (NEC 1) or SECOND experiment run (NEC 2)
Right handed / Left handed
Experiment schedule guideline:
Experimenter(s) should arrive at 20:00
Subject should arrive at 21:00
21:00 - 22:00: Briefing, Audio Test, Collect: PVT, Subjective Rating, ANAM, Waypoint
22:00 - 23:40: First simulator session
23:40 - 0:10: Break and collect PVT, Waypoint, etc.
0:10 - 1:50: Second simulator session
1:50 - 2:20: Break and collect PVT, Waypoint, etc.
2:20 - 4:00: Third simulator session
4:00 - 4:30: Break and collect PVT, Waypoint, etc.
4:30 - 6:10: Fourth simulator session
6:10 - 6:50: Collect PVT, Waypoint, etc. and short debriefing
DAYS BEFORE THE EXPERIMENT BEGINS:
o Schedule experiment date.
o Email Steve to provide food and drink (+bottled water) for subject.
" Email Steve to be the second engineer (for two engineers operation).
" Email guard (Rick Ryerse, ryerse@volpe.dot.gov).
c3 Email maintenance (Gabe Jacobucci, j acobucci (Davolpe.dot. gov).
Li Send a reminder about getting enough rest, parking, meeting time & place, having no
caffeine 2 hrs before coming to the lab, bringing a note, Actiwatch, & sleep logs.
o Arrange transportation for subject.
ci Prepare forms. The following forms should be in subject's folder:
o Work order
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o Experimenter data collector sheet
o Subjective rating sheet
o Debriefing form (for 2"nd experiment only)
o Sleep logs (for 1 't experiment only)
TWO HOURS BEFORE EXPERIMENT BEGINS:
o The following equipment should be prepared before subject comes:
o Reboot all computers. Login as workstation only. Password located above the
monitor.
o Check GPS connection. Turn on TARDIS on every computer. Check time and
synchronize time of all computers and video if necessary.
o Train simulator:
" Check that MS mouse driver is disabled.
" Check monitor power setting. It should be in the "Experiment" setting.
" Check volume setting located inside the cab. It should be set to 7.
- Turn on projector.
" Normalize rail driver cab controls.
" Prepare for VOLUME LEVEL TEST:
" Open rail driver
* Play MSTS
* Turn OFF alerter, Turn ON Train Monitor
* Select route: Northeast Corridor, activity: Training
* Start
o Video recorders:
" Turn ON video recorders and monitors.
* For FACE monitor: unselect AUTO, select channel 1.
- ADJUST videotape TIME with Tardis manually.
" Label and insert tapes to both recorders.
* For FIRST run: OTS_03_M[Subject#]_1, [Face or TrainSim],
[Date]
* For SECOND run: OTS_03_M[Subject#]_2, [Face or TrainSim],
[Date]
o Audio recorders:
" Make sure it is in STANDARD mode
" Label and insert DAT cassette
* For FIRST Run: OTS_03_M[Subject#]_1 [a/b/c...], Date
* For SECOND Run: OTS_03_M[Subject#]_2[a/b/c...], Date
o NovaSense
* Replace battery on the device (batteries are kept in the plastic drawer).
Battery usually lasts for 2 night runs.
" Turn ON device before opening the program.
- Open Novasense program, Select View -> RealTime.
o Copilot
- Turn ON copilot monitor both inside the cab and the controller room.
* Make sure F OFF
o E-Prime
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X Prepare for Audio Level test: Open "VigilancePracticeShort" program
o PVT
" Study: Studylvs2
" Mood: Alert
- E Initials: [Experimenter Initials]
" S Initials: [Subject Initials]
" Subject #: [Subject #]
- Trial #:
" For FIRST run: Trial # = 1
" For SECOND run: Trial #=6
m ISTmin ms: 3000
- ISTmax ms: 7000
" TTT sec: 600
" Task Code: Vis
- Handedness: [Subject Dominant Hand]
o Keep subject away from bright lighting during the experiment run. Turn all lights off in
the first floor (including men's restroom) and turn on the dim light in the test room.
o Take off all items that show current time, such as clock in the hallway, etc.
o Prepare food and drink and place them inside the test room.
WHEN SUBJECT COMES:
o Greet subject at the door and go to building 1 to sign him in.
" Go back to building 6. Lead subject to the controller room.
o Collect sleep logs and Actiwatch
o Subject & Experimenter sign the Actiwatch's Device Received Document (inside
subject's training folder)
o Ask subject to remove his wristwatch and keep it in the controller room.
o Ask the following questions:
o How much did you sleep nornally? How much did you sleep last night & today?
Are you feeling tired? (If the subject is feeling tired, he should be rescheduled).
o Has anything bad or something out of the ordinary (such as dramatic change in
sleep schedule, death in family, etc.) happened recently?
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o Did he have caffeine intake 2 hours before coming to the lab?
o For FIRST RUN: Did he have any problem with the equipment? (e.g., he forgot to
push the button, forgot to put on the actiwatch after taking a shower)
o Perform Audio Test using the audio test sheet.
" Push Run button on the Rail Driver control box.
* Keep throttle to NI
" Fill out the VOLUME LEVEL TEST sheet.
" Volume Level =
" Turn off rail driver, Exit MSTS.
" Prepare Train Simulator for EXPERIMENT RUN.
u Collect FIRST set of non-simulator data:
NOTE: Perform test in the test or simulator room only.
During test taking, one experimenter has to attend the subject.
" Subjective rating: Fill out Time AFTER subject has completed the form
* PVT
" FIRST run: Trial #=1
" SECOND run: Trial #= 6
" Waypoint
" FIRST run: OTS 03 M[Subject#]_1, Fill out date on the next line
" SECOND run: OTS_03_M[Subject#]_6, Fill out date on the next line
" ANAM
* Subject ID = ID number
- FIRST run: section 2
- SECOND run: section 7
L3 Remind subject of the train simulator driving rules and tasks (do it for each break):
o Do not sleep while driving the train
o Hints on increasing and decreasing speed
o Blow horn for deer
o Respond to compressor sound changes (audio vigilance task/e-prime)
o Answer milepost questions
o Do not neutralize the controls position. Let the experimenter do this!
o Additional reminder for TWO ENGINEER RUN:
o Introduce subject to the second engineer
o Second engineer is a subject in this experiment
o Subject is free to talk to the second engineer, ask milepost question (but not when
the dispatcher asks milepost question), work order, etc.
o Since the second engineer doesn't want to disturb the subject, the subject should
initiate conversation.
o According to the general rule of railroading both engineers should call out signal
(one will initiate and one will confirm). Whoever sees the signal first should
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immediately call out the signal. If both engineers miss calling out the signal, they
will be penalized.
o Give subject the work order, ask them to review the work order and make notes.
o Prepare Train Simulator for 1t & 2 "nd sessions:
" On the rail driver window, click RECORD SETUP -> BROWSE -> Enter
Filename
" For FIRST run: OTS_03_M[Subject#]_1
- For SECOND run: OTS_03_M[Subject#]_3
" Checkmark the Recording Enabled box
" Click Play
" Check that ALERTER & train monitor is ON.
" Select Activity:
U
U
For FIRST run: Select Northeast Corridor 1, freightsouth_0mph
For SECOND run: Select Northeast Corridor 2, freightsouth_0mph
0 Start
Ask subject if he needs to go to the bathroom.
Give subject a bottle of water and lead him to the simulator cab.
Make sure the Rail Driver controls are normalized:
* Reverser in N
* Throttle in IDLE
* Train Brake in REL
* Independent Brake in REL
" Headlight in OFF
Strap Novasense on subject's wrist.
Turn OFF light above the subject's head, Turn ON light above the work order holder.
Make sure the light stand does not obstruct the Copilot view.
FIRST SIMULATOR SESSION:
o Check the time on all computers are synchronized / Tardis is running.
" Run E-Prime
* Open "VigilanceTest" in the Vigilance Test folder
* Subject #: [Subject#]
" FOR FIRST RUN: Trial #= 1
" FOR SECOND RUN: Trial #= 5
o Run Copilot
o File -> Open -> Type Filename
- For FIRST run: CopilotOTS_03_M[Subject#]_l
- For SECOND run: CopilotOTS_03_M[Subject#]_5
o Select Data -> Start
o Run Novasense
0 Turn ON record button (RECORD ON)
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Li
Li
Li
Li
Li
Li
* FOR FIRST RUN: Filename = OTS_03_M[Subject#]_1
" FOR SECOND RUN: Filename = OTS_03_M[Subject#]-_2
o Press REC on the Video recorders and DAT Audio recorder.
o Train Simulator:
" Make sure both HUDs are displayed (If not, click F5 until both HUD are
displayed)
* When subject is ready, close the operation notebook and record START time
(using the time on train sim video monitor).
o Fill out the train simulator experimenter data collector sheet
o After just passing MP 61.5, ask the subject to stop at MP 63.5.
o After the train is completely stopped, pause the train simulator activity (press Esc) and
record PAUSE time. Click on Save Activity. Ask subject to step out from the cab.
o Pause E-Prime: Press Esc
o Pause DAT Audio recorder
o Ask subject if he needs to go to the bathroom.
o Collect SECOND set of non-simulator data:
NOTE: During test taking, one experimenter has to attend the subject.
* Subjective rating: Fill out time AFTER subject has completed the form
* PVT
" FIRST RUN: Trial #=2
" SECOND RUN: Trial # = 7
* Waypoint
" FIRST RUN: OTS 03 M[Subject#]_2, Fill out date on the next line
= SECOND RUN: OTS_03_M[Subject#]_7, Fill out date on the next line
* ANAM
" Subject ID = ID number
" FIRST run: section 3
" SECOND run: section 8
o Give subject a bottle of water and lead him to the simulator cab.
o Strap Novasense on subject's wrist.
o Turn OFF light above the subject's head, Turn ON light above the work order holder.
o Make sure the light stand does not obstruct the Copilot view.
SECOND SIMULATOR SESSION:
o Run E-Prime
" Subject #: [Subject#]
" FOR FIRST RUN: Trial #= 2
* FOR SECOND RUN: Trial #= 6
o Run Copilot
o File -> Open -> Type Filename
" For FIRST run: CopilotOTS_03_M[Subject#]_2
" For SECOND run: CopilotOTS_03_M[Subject#]_6
* Select Data -> Start
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u Press REC on DAT Audio recorder.
o Train Simulator:
* When subject is ready, click OK on the Activity saved window. Record START
Time.
o Fill out the train simulator experimenter data collector sheet
o After just passing MP 124, ask subject to stop the train at Washington station (located
right after passing MP 125).
o After the train is completely stopped, pause the train simulator activity (press Esc) and
record PAUSE time. Ask subject to step out from the cab.
o Click on Save Activity, Save Evaluation. Then Exit MSTS
o Pause E-Prime: Press Esc
o Pause DAT Audio recorder
o Ask subject if he needs to go to the bathroom.
o Collect THIRD set of non-simulator data:
NOTE: During test taking, one experimenter has to attend the subject.
" Subjective rating: Fill out time AFTER subject has completed the form
* PVT
" FIRST RUN: Trial#= 3
- SECOND RUN: Trial #= 8
" Waypoint
- FIRST RUN: OTS_03_M[Subject#]_3, Fill out date on the next line
" SECOND RUN: OTS_03_M[Subject#]_8, Fill out date on the next line
" ANAM
" Subject ID = ID number
" FIRST run: section 4
- SECOND run: section 9
o Prepare MSTS for the 3rd & 4 th session:
" Open rail driver
" RECORD data (recording enabled)
m FOR FIRST RUN: Filename is OTS_03_M[Subject#]_2
* FOR SECOND RUN: Filename is OTS_03_M[Subject#]_4
" Play MSTS
* Check that alerter & train monitor is ON.
* Select Activity:
" FOR FIRST RUN: Select Northeast Corridor 1, FreightNorth
* FOR SECOND RUN: Select Northeast Corridor 2, FreightNorth
* Start
o Give subject a bottle of water and lead him to the simulator cab.
o Make sure the Rail Driver controls are normalized:
" Reverser in N
* Throttle in IDLE
* Train Brake in REL
* Independent Brake in REL
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0 Light in OFF
ci Strap Novasense on subject's wrist.
ci Turn OFF light above the subject's head, Turn ON light above the work order holder.
o Make sure the light stand does not obstruct the Copilot view.
THIRD SIMULATOR SESSION:
o Run E-Prime
" Subject #: [Subject#]
" FOR FIRST RUN: Trial # = 3
" FOR SECOND RUN: Trial #= 7
" Run Copilot
o File -> Open -> Type Filename
" For FIRST run: CopilotOTS_03_M[Subject#]_3
" For SECOND run: CopilotOTS_03_M[Subject#]_7
" Select Data -> Start
" Press REC on DAT Audio recorder.
o Train Simulator:
" Make sure both HUDs are displayed (If not, click F5 until both HUD are displayed
" When subject is ready, close the operation notebook and record START time.
o Fill out the train simulator experimenter data collector sheet
" After just passing MP 65.5, ask subject to stop the train at MP 63.5 (between MP 64 &
63)
o After the train is completely stopped, pause the train simulator activity (press Esc) and
record PAUSE time. Click on Save Activity. Ask subject to step out from the cab.
o Pause E-Prime: Press Esc
o Pause DAT Audio recorder
o Ask subject if he needs to go to the bathroom.
o Collect FOURTH set of non-simulator data:
NOTE: During test taking, one experimenter has to attend the subject.
* Subjective rating: Fill out time AFTER subject has completed the form
" PVT
= FIRST RUN: Trial # = 4
E SECOND RUN: Trial #= 9
" Waypoint
" FIRST RUN: OTS 03_M[Subject#]_4, Fill out date on the next line
- SECOND RUN: OTS_03_M[Subject#]_9, Fill out date on the next line
" ANAM
" Subject ID = ID number
- FIRST run: section 5
- SECOND run: section 10
ci Give subject a bottle of water and lead him to the simulator cab.
" Strap Novasense on subject's wrist.
" Turn OFF light above the subject's head, Turn ON light above the work order holder.
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o Make sure the light stand does not obstruct the Copilot view.
FOURTH SIMULATOR SESSION:
o Check the time on the computers are synchronized
o Run E-Prime
* Subject #: [Subject#]
* FOR FIRST RUN: Trial #= 4
* FOR SECOND RUN: Trial # = 8
o Run Copilot
o File -> Open -> Type Filename
" For FIRST run: CopilotOTS_03_M[Subject#]_2
- For SECOND run: CopilotOTS_03_M[Subject#]_6
" Select Data -> Start
" Press REC on DAT Audio recorder.
o Train Simulator:
* When subject is ready, click OK on the Activity saved window. Record START
Time.
o Fill out the train simulator experimenter data collector sheet
o After just passing MP 124, ask subject to stop the train at Washington station (located
right after passing MP 125).
o After the train is completely stopped, pause the train simulator activity (press Esc) and
record PAUSE time. Ask subject to step out from the cab.
o Click on Save Activity, Save Evaluation. Then Exit MSTS
o Pause E-Prime: Press Esc
o Pause DAT Audio recorder
o Ask subject if he needs to go to the bathroom.
o Collect FIFTH set of non-simulator data:
NOTE: During test taking, one experimenter has to attend the subject.
" Subjective rating: Fill out time AFTER subject has completed the form
" PVT
" FIRST RUN: Trial # = 5
" SECOND RUN: Trial #= 10
" Waypoint
" FIRST RUN: OTS_03_M[Subject#]5, Fill out date on the next line
- SECOND RUN: OTS_03_M[Subject#]_10, Fill out date on the next line
" ANAM
- Subject ID = ID number
- FIRST run: section 5
" SECOND run: section 10
o Ask subject if the experiment run is what he has expected.
0 Subject's comments:
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o At the end of the SECOND experiment run, explain true objective of the experiment, the
motivation of the experiment, and the effect of having a second person in the cab.
o At the end of the SECOND experiment run, ask subject to fill out the debriefing fonm.
o hIfon subject that the compensation check will be mailed to his home address.
o Download Actiwatch
o Download PVT
o Make copies of all the data recorded and saves them to I:\Karnali\Experiment\Result (or
use "Shortcut to Result" on each computer's desktop).
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APPENDIX C: PARTICIPANT RECRUITMENT AND
SELECTION MATERIALS
C1. Research Poster
Are you a male between
35 to 65 years old?
Participate in a study of Railroad Engineer's Alertness and
Situation Awareness
Drive the Volpe Center train ator along the
virtual route between Washington, DC and
Philadelphia, PA in a study of railroad engineer's
alertness and situation awareness in a one versus
two engineers operation.
Train driving experience is not required, but it is a
plus.
Each participant is expected to participate in three
sessions:
* one four-hour training session during the
day,
" one eight-hour night run alone
* one eight-hour night run with a second
person.
Compensation: $150 for training + $250 minimum
per run + opportunity to earn performance bonus
of up to $50 per run.
Food will be provided and transportation will be
reimbursed.
This project is funded by the Federal Railroad Administration, Office of Research and
Development and conducted by Volpe Center and MIT. The simulator is located at 125
Munroe St. (Kendall Square), Cambridge. Free parking is available on the site.
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C2. Participants Phone Screening
Participant Phone Screening
ID NUMBER:
1. Confirm:
Name:
E yes U no
(between 35 - 65)
Nonsmoker? E yes n no
Home Address:(send materials, payment)
Phone Numbers:
Home:(
Office: (_ )
Email Address:
contact here?: u yes U no
contact here?: E yes 0 no
use to contact?: El yes E no
2. Ask the following:
1. Are you colorblind?
2. Are you presently diagnosed with a sleep disorder?
3. Are you presently taking any medications that make you sleepy?
4. Are you presently taking any medications that keep you awake?
5. Do you have any uncorrected hearing problems?
3. Information about the Experiment:
0
S
S
S
S
S
(should answer "no")
[ no
o no
LI no
U no
E no
o yes
o yes
L yes
U yes
U yes
2 nights overnight; up to 10 hours each
darkened laboratory environment, driving in a simulated locomotive cab
once alone, once accompanied by another person
will perform a variety of tasks during the night (physical discomfort not involved)
full completion earns you a minimum of $400
will not be permitted to drive home after a night session (must arrange for a ride or Volpe will
pay for a cab)
Interested? E yes
4. Availability:
Training (4 hours during the day)
Available times
Monday
Tuesday
Wednesday
Thursday
Friday(Saturday)(Sunday)
5. Additional Information: (if applicable)
How did you find out about the study?
Why are you interested in the study?
Other pertinent information:
Overnight (10
Monday
Tuesday
Wednesday
Thursday
Friday(Saturday)(Sunday)
hours: ~ 9 PM to 7 AM)
Available times
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Male?
Age:
o no
C3. Introductory Letter to Participants
Dear Participant,
Thank you for your interest in participating in the study of overnight train driving in a
darkened environment. Your participation is very valuable to us.
In this package you will find the following:
1. Research Poster (study description)
2. Participant Background Survey
3. Directions to Volpe Center complex ("Visit the Simulator")
4. A map of Volpe Center complex
If you have not previously received and read the research poster, you will find this helpful to
learn about the study. The train simulator that we are using in this study is also shown in the
poster. You can always contact me through email or phone if you have any questions or
concerns about the study.
Please complete the Participant Background Survey as soon as possible and return it in the
enclosed postage-paid envelope before your training day (please allow a few days for
mailing). The survey is a very important aspect of this study, because it will help us to better
understand about you, your health, and your lifestyle. The information that you provide in the
survey and overall during the study is strictly confidential and never linked with your name or
other identifying information.
You will also find enclosed directions to the Volpe Center complex and a map of the
complex.
Both for the training and experiment, you will first meet the experimenters at the lobby of
Building 1, which is located at 55 Broadway St, Cambridge, MA 02142. You will be signed
in and assigned a Visitor badge. The experimenter will then escort you to Building 6, where
the train simulator is located.
For the training session, you may drive yourself. There is a free parking just outside of the
building. For the overnight experimental sessions, however, you are not permitted to drive
home, as you will have been awake over the previous night. For this reason, Volpe will
provide you with cab fare vouchers to (if necessary) and from the Center for the nights of the
experiment. Ifyou will require cab fare vouchers, please inform the experimenters before
your training session, so that they may have these available for your use.
If you have any questions, please email me at leona amit.edu or call 617-494-2948.
Sincerely,
Leona Karnali
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C4. Informed Consent Form
FORM A:
CONSENT TO PARTICIPATE IN NON-BIOMEDICAL RESEARCH
The Assessment of Nighttime Cognitive Performance Under Different Manning Conditions.
You are asked to participate in a research study conducted by Charles M. Oman, Ph.D. from
the Aeronautics and Astronautics department at the Massachusetts Institute of Technology
(M.I.T.), Leona A. Karnali, B.S. from the Mechanical Engineering department at the
Massachusetts Institute of Technology (M.I.T.), and Stephen Popkin, Ph.D. from the Volpe
National Transportation Systems Center, U.S. Department of Transportation. You were
selected as a possible participant in this study because you have fulfilled our participant
criteria, which were determined from your answers to the background survey. You should
read the information below and ask questions about anything you do not understand before
deciding whether or not to participate.
* PARTICIPATION AND WITHDRAWAL
Your participation in this study is completely voluntary and you are free to choose whether or
not to participate in it. If you decide to participate,'you may subsequently withdraw your
participation at any time without penalty except for forfeiture of future payment. The
investigator may also withdraw you from this research if circumstances arise which warrant
this action.
The investigator may terminate your participation without regard to your consent under the
following circumstances:
1. A major life event has occurred, which might make you unusually distracted or is
likely to disturb your mood and performance.
2. You fail to comply with experimenter instructions. For example: you start smoking,
drink alcohol and caffeine prior to the experiment run, or do not follow directions in
performing tasks, etc.
. PURPOSE OF THE STUDY
To gain knowledge of human performance when working at night.
0 PROCEDURES
You were previously asked to complete a background survey. The background survey
contained questions regarding your personal information, health history, sleep and smoking
habits, and various sleepiness scales. It requires about 15 minutes to complete.
If you are chosen and volunteer to participate in this research study, you will make three visits
to the Human Factors and Simulation Laboratory, located at the Volpe National
III
Transportation Systems Center at 55 Broadway, Cambridge, MA. Research technicians will
meet you in the lobby, and escort you to the simulator laboratory in the adjacent Building 6.
1. During the first session, which will last about 4 hours, you will receive a formal
introduction to the experimental procedures. This will include becoming familiar with
operating the locomotive simulator through a short practice run and practicing some
short, simple performance tasks using several different data collection devices.
Furthermore, you will be asked to wear an "Actiwatch", a wristwatch-like device that
will record your arm motion, providing us with a record of your sleep/wake pattern.
You should wear the Actiwatch continuously day and night, (except when showering
or swimming, since it isn't completely waterproof.) You will be asked to press the
Actiwatch button twice before you go to bed and twice after you wake up. In addition,
you will be asked to complete a sleep/wake logbook. You will be asked to record in
the logbook both the time you go to bed and wake up as well as your subjective level
of sleepiness. These tasks should take about 5 minutes each day. You will be asked to
wear the watch and keep a sleep log from today's training session for the entire 6-8
day period until you have completed your first night session in the train simulator.
2. Six to eight days later you will be scheduled to come in for your first experimental
session. The session will start at 9PM and end approximately at 7AM. The entire 10
hours will be spent in a darkened laboratory environment. During this first
experimental session you will be asked to operate train simulator as well as complete a
variety of tasks. You may be accompanied in the cab by at least one other study
participant through the night. During the simulation you will be asked to operate the
train according to the speed limits and train schedule, as a real engineer would do in a
real train operation. You will also be asked to blow the horn if there is a deer on the
railroad track and respond to changes in compressor sound by pushing a button. You
will be wearing a special wristworn device that will record your hand activity during
each train simulator session. A surveillance video camera will record your image and
voice while you are operating the train, and a second video system will monitor
whether your eyes are open or closed. You will operate the simulator for
approximately 1.5 hours. Then you will be given 30-minutes to do some computer
and paper-based tasks which allow us to measure you cognitive performance ability,
reaction time, workload and fatigue level and then take a short snack and restroom
break of up to 15 minutes duration. This pattern of simulator operation, testing and
short break will repeat 3 times during the night. You will eventually become drowsy,
but it is important that you try to stay continuously awake as best you can. At the
conclusion of the experiment session you can remove the Actiwatch, and leave it off
until your next session, but we do want you to continue maintaining your written
sleep/wake log each day.
3. Three to seven days later, you will come in for a third overnight visit to operate the
train simulator and complete the various computer and paper-based tasks every hour
and a half. Again, total session time will be approximately 10 hours. There may or
may not be a second person in the cab with you. However an investigator will always
be available to answer any questions you have. At the conclusion of this experimental
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run you will be asked to complete a final debriefing form, and time will be spent
answering any questions you may have about the experiment.
* POTENTIAL RISKS AND DISCOMFORTS
You will be tired and sleepy by the end of the experimental session from staying awake all
night. You will need a long rest period the next day and may not be able to return to your
normal activity right away. As a safety and convenience measure we will provide you with a
taxi voucher, as you will not be allowed to drive yourself home.
* POTENTIAL BENEFITS
You will be paid for your time spent participating in this experiment. You will receive
additional payment bonuses depending upon your performance. Please refer to the next
section for more detail explanation of the performance bonuses.
In addition to your financial remuneration, this study has potential benefit to the society. Our
experiments on human performance while working at night may ultimately improve safety in
the railroad industry.
a PAYMENT FOR PARTICIPATION
You will receive payment up to $750 for participating in this study.
The payment breakdown is as follows:
- Completion of training = $100
- Base payment for each overnight run (2) = $150
- Performance bonus = up to $350
The reward breakdown is as follows:
- Wearing the actiwatch and completing sleep logs = $50
- On time station arrival during simulation (4) = $10 per arrival
- Arriving to station earlier than scheduled = $0.25 per minute
- Over-speed penalty = -$1 per minute
- Correctly blowing horn for the deer = $3 each time
- Correctly answering dispatcher call = $3 each time
- Responding to compressor sound change <3 sec = $3 each time
- Responding to compressor sound change between 3 to 5 sec = $2 each time
- Responding to compressor sound change >5 sec = $1 each time
We will need your social security number and payment will be reported to the IRS. Payment
will be mailed to you no more than a month from the completion of the second overnight run.
If for any reasons you do not complete your participation in the study, you will still receive a
prorated payment for the time you spent in this study.
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. CONFIDENTIALITY
All personal information, research data, and related records will be coded and stored in a
secured cabinet to prevent access by unauthorized personnel. The report of this study data will
not contain any personal infornation. All information that links you with your data will be
destroyed one year following analysis. Any information that is obtained in connection with
this study and that can be identified with you will remain confidential and will be disclosed
only with your permission or as required by law.
We will be audio and video taping you during both overnight sessions. You will have the right
to review or edit them at the end of the overnight sessions. The members of the investigator
team will have access to the audio and videotapes. The audio and video recording will be used
to complement the recorded data in data analysis, but they will not be used in any presentation
or report. If you withdraw from the study, all tapes will be erased. All your personal data and
videotapes will be destroyed within five years after completion of the study.
* AUTHORIZATION TO RELEASE PROTECTED HEALTH INFORMATION
The privacy law, Health Insurance Portability & Accountability Act (HIPAA), protects my
individually identifiable health information. The investigators conducting this study come
from more than one institution (Volpe Center and MIT). The privacy law requires me to sign
an authorization in order for researchers to be able to share, use or disclose my protected
health information for research purposes in this study.
I authorize Dr. Charles M. Oman and Ms. Leona Karnali of MIT and their research staff to
use and disclose my protected health information for the purposes described below:
1. Information from Background Questionaire. Demographic information such as
age and marital status, past and present health conditions, work schedule, life
schedule, sleep and smoking habits, morningness-eveningness scale, personality
trait, and various sleepiness scales.
2. Information collected during Experimental Sessions, which includes Actiwatch
data showing my daily activity pattern, sleep/wake logbook information, video and
audio recordings from the train simulator surveillance camera, data on my
cognitive performance test battery, motor reaction time, and self-reported
workload and fatigue level obtained in between the train simulator sessions, and on
my performance as a train operator, such as train speed, and response time to
obstacles on the track and changes in compressor sound.
My protected health information will be used to gain new knowledge of human performance
while working at night.
The Researchers may use and share my health information with:
- The M.I.T. Committee on the Use of Humans as Experimental Subjects
- Federal, state and local goveniment representatives, when required by law
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- Dr. Stephen Popkin of the Volpe National Transportation Systems Center, U.S.
Department of Transportation and his research Staff.
The researchers agree to protect my health information by using and disclosing it only as
permitted by me in this Authorization and as directed by state and federal law. They also
agree to destroy my health information records immediately in the event I am disqualified or
withdraw from the study.
I do not have to sign this consent form. If I decide not to sign the form I will not be allowed to
participate in the research study.
After signing the consent form, I can change my mind and not let the researcher disclose or
use my protected health information (revoke my HIPAA Authorization). If I revoke
Authorization, I will send a written letter to: Dr. Charles Oman, Room 37-219, 77
Massachusetts Ave., Cambridge, MA 02139 to inform him/her of my decision. After I revoke
the authorization the researchers may not use or disclose the protected health information
already collected for this research study, but my protected health information may still be
used and disclosed should I have an adverse event (a bad effect).
If I change my mind and withdraw the authorization, I will not be allowed to continue to
participate in the study.
This Authorization will expire at the end of the study.
M.I.T. complies with HIPAA and its privacy requirements and all other laws that protect your
privacy. We will protect your information according to these laws. Despite these protections,
there is a possibility that your information could be used or disclosed by someone else to
whom it is released in a way that it will no longer be protected.
IDENTIFICATION OF INVESTIGATORS
If you have any questions or concerns about the research, please feel free to contact:
Volpe Principal Investigator:
Dr. Stephen Popkin
617-494-3532
DTS-79
55 Broadway St
Cambridge, MA 02142
MIT Principal Investigator:
Dr. Charles Oman
617-253-7508
Room 37-219
77 Massachusetts Ave.
Cambridge, MA 02139
Co-Investigator: Leona Karnali
617-494-2948
DTS-79
55 Broadway St
Cambridge, MA 02142
Investigator Team:
Heidi Howarth, 617-494- 2522
Matthew Isaacs, 617-494-2474
Reggy Susanto, 617-494-2948
Kyle McGillicuddy-Penna, 617-494-2945
John. K. Pollard, 617-494-3537
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. EMERGENCY CARE AND COMPENSATION FOR INJURY
In the unlikely event of physical injury resulting from participation in this research you may
receive medical treatment from the M.I.T. Medical Department, including emergency
treatment and follow-up care as needed. Your insurance carrier may be billed for the cost of
such treatment. M.I.T. does not provide any other form of compensation for injury.
Moreover, in either providing or making such medical care available it does not imply the
injury is the fault of the investigator. Further information may be obtained by calling the MIT
Insurance and Legal Affairs Office at 1-617-253 2822.
. RIGHTS OF RESEARCH SUBJECTS
You are not waiving any legal claims, rights or remedies because of your participation in this
research study. If you feel you have been treated unfairly, or you have questions regarding
your rights as a research subject, you may contact the Chainnan of the Committee on the Use
of Humans as Experimental Subjects, M.I.T., Room E32-335, 77 Massachusetts Ave,
Cambridge, MA 02139, phone 1-617-253 6787.
SIGNATURE OF RESEARCH SUBJECT OR LEGAL REPRESENTATIVE
I have read this Informed Consent form and been given the opportunity to ask questions. If I
have questions later, I understand I can contact Ms. Leona Karnali, leonagmit.edu, phone
617-494-2948 or Dr. Charles M. Oman, cmo gspace.mit.edu, 617 253-7508.
I authorize the use of my identifiable health information as described in this form.
I understand the procedures described above. My questions have been answered to my
satisfaction, and I agree to participate in this study. I have been given a copy of this form.
Name of Subject
Signature of Subject Date
SIGNATURE OF INVESTIGATOR
In my judgment the subject is voluntarily and knowingly giving informed consent and
authorize the use of my identifiable health information, and possesses the legal capacity to
give informed consent to participate in this research study.
Signature of Investigator Date
C5. HIPAA Form
FORM C: AUTHORIZATION TO RELEASE PROTECTED HEALTH
INFORMATION
The Assessment of Nighttime Cognitive Performance Under Different Manning
Conditions: Background Questionnaire
The privacy law, Health Insurance Portability & Accountability Act (HIPAA), protects my
individually identifiable health information. Scientists from both MIT and the DOT Volpe
Center are participating in this study. The privacy law requires me to sign an authorization in
order for researchers to be able to share and use or disclose my protected health information
for research purposes.
I authorize Dr. Charles M. Oman and Ms. Leona Karnali of MIT and their research staff to
use and disclose my protected health information for the purposes described below.
My protected health information that may be used and disclosed includes:
Demographic information such as age and marital status, past and present health
conditions, work schedule, life schedule, sleep and smoking habits, morningness-
eveningness scale, personality traits, and various sleepiness scales.
My protected health information will be used for:
To help us evaluate your suitability for inclusion in the study and - if you are selected
and participate - to gain new knowledge of human performance while working at night.
The Researchers may use and share my health information with:
- The M.I.T. Committee on the Use of Humans as Experimental Subjects
- Federal, state and local government representatives, when required by law
- Dr. Stephen Popkin of the Volpe National Transportation Systems Center, U.S.
Department of Transportation and his research Staff.
The researchers agree to protect my health infonnation by using and disclosing it only as
permitted by me in this Authorization and as directed by state and federal law. They also
agree to destroy my health information records immediately in the event I am not selected for
the study.
I do not have to sign this Authorization. If I decide not to sign the Authorization I will not be
allowed to participate in the research study.
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After signing the Authorization, I can change my mind and not let the researcher disclose or
use my protected health information (revoke the Authorization). If I revoke the Authorization,
I will send a written letter to: Dr. Charles Oman, Room 37-219, 77 Massachusetts Ave.,
Cambridge, MA 02139 to inform him/her of my decision. After I revoke the authorization the
researchers may only use and disclose the protected health information already collected for
this research study, but my protected health information may still be used and disclosed
should I have an adverse event (a bad effect).
If I change my mind and withdraw the authorization, I will not be allowed to continue to
participate in the study.
This Authorization will expire at the end of the study.
M.I.T. complies with HIPAA and its privacy requirements and all other laws that protect your
privacy. We will protect your information according to these laws. Despite these protections,
there is a possibility that your information could be used or disclosed by someone else to
whom it is released in a way that it will no longer be protected.
I have read this authorization form and given the opportunity to ask questions. If I have
questions later, I understand I can contact Ms. Leona Karnali, leona 2cmit.edu, phone 617-
494-2948 or Dr. Charles M. Oman, emo(space.mit.edu, 617 253-7508. I will be given a
signed copy of this form.
I authorize the use of my identifiable health information as described in this form.
Name of Subject
Signature of Subject Date
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C6. Participant Background Survey
40O 9e Ceqe.
ID Number
*Oand Sa
Participant Background Survey
Date
Instructions
This survey is anonymous. Please do not put your name anywhere on the survey.
Thank you for your participation in this research study. This survey has been developed to
provide background information of each participant in the study of alertness and situation
awareness of railroad engineer. The demographic information you will be providing on this
survey will help us in our evaluation of your simulator performance. This survey is divided
into 8 different sections, and should take you about 20 minutes to complete. Please fill in the
blanks; circle; or place check marks, as appropriate. There are no right or wrong answers.
This is not a test. Your honest answers to the questions are necessary for the results to be
useful. Please leave blank any questions you find objectionable or uncomfortable. Also, due
to the confidential nature of this information, we kindly ask that you do not share or discuss
your answers with anyone else until after all data collection has been concluded. All
information you provide will be safeguarded and never linked with your name or other
identifying information.
If you have any questions about the survey, please call:
Leona A. Karnali
Stephen Popkin, Ph.D.
(617) 494-2948
(617) 494-3532
Turn the page to begin....
119
SECTION 1 - ABOUT YOURSELF
1. Are you a male? E Yes
2. What is your age? years
3. What is your present marital status? (Please check one)
E Single 0 Divorced
E Married E Separated
E Living with Partner E Widowed
4. a. Do you currently hold a job? 0 Yes 0 No
b. What days of the week do you work? (Please check all that apply)
E Monday E Tuesday E Wednesday
c. What hours do you work per week?
Begin
E Thursday E Friday E Saturday E Sunday
(Please be specific)
End
Monday
Tuesday
Wednesday
Thursday
Friday
Saturday
Sunday
AM / PM
AM / PM
AM / PM
AM / PM
AM /PM
AM /PM
AM / PM
_ AM / PM
AM / PM
AM / PM
AM / PM
AM / PM
AM / PM
AM / PM
5. How many dependents do you have under the age of 2 years?
6. About how many cups and cans of caffeinated beverages (including coffee and tea) do
you
drink per day? cups and cans / day
7. How many alcoholic beverages (including beer) do you drink in an average week?
drinks / week
8. a. Are you a smoker? [
b. How much do you smoke in an average week?
9. a. Are you fully or partially colorblind?
J Yes E No
cigarettes / week
E Yes
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E No
E No
b. What colors do you have difficulty with?
10. a. Are you presently diagnosed with a sleep disorder?
b. Is this condition presently under control?
11. a. Are you presently taking any medications that make yo
b. What are these medications?
12. a. Are you presently taking any medications that keep yot
b. What are these medications?
13. Do you have any uncorrected hearing problems?
14. Do you have any difficulty by being in a confined space?
u
E Yes
E Yes
sleepy? E Yes
u awake? J Yes E No
E Yes
E Yes
SECTION 2 - RAILROADING EXPERIENCE
1. Do you have any experience driving a train? E Yes E No
If your answer is No, please go to Section 3.
2. How many years have you had experience in driving a train? years.
3. Do you usually driving a train alone or with a partner inside the cab (a partner can be
second engineer or a conductor)? El Alone E With partner
4. If you do not drive alone, is your partner permanent/married? E Yes El No
SECTION 3 - COMMUNICATION STYLE
Directions: Below are 20 situations in which a person might choose to communicate or not to
communicate. Presume you have completely free choice. Indicate the percentage of time you
would choose to communicate in each type of situation. Indicate in the space at the left what
percent of the time you would choose to communicate. 0 = never, 100 = always.
1. Talk with a service station attendant.
2. Talk with a physician.
3. Present a talk to a group of strangers.
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0l
El
0l
No
No
No
El
El
No
No
4. Talk with an acquaintance while standing in line.
5. Talk with a salesperson in a store.
6. Talk in a large meeting of friends.
7. Talk with a policeman/policewoman.
8. Talk in a small group of strangers.
9. Talk with a friend while standing in line.
10. Talk with a waiter/waitress in a restaurant.
11. Talk in a large meeting of acquaintances.
12. Talk with a stranger while standing in line.
13. Talk with a secretary.
14. Present a talk to a group of friends.
15. Talk in a small group of acquaintances.
16. Talk with a garbage collector.
17. Talk in a large meeting of strangers.
18. Talk with a spouse (or girl/boy friend).
19. Talk in a small group of friends.
20. Present a talk to a group of acquaintances.
SECTION 4 - YOUR HEALTH
1. Please indicate with a /whether you have experienced any of the following conditions or
symptoms. Include approximate dates where possible, whether you saw a doctor (Yes or
No), the treatment prescribed for the condition (e.g., surgery, medication, counseling,
relaxation therapy, exercise, etc.) and if the condition is under control.
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2. In general, how would
C Excellent
you rate your health? (Please check one)
0 Good 0 Fair
SECTION 5 - YOUR LIFE SCHEDULE
What is your current sleep/wake schedule? (Please indicate AM or PM for each entry)
2. How often do you
one)
0 Never
feel well-rested and alert over the course of your day? (Please check
E Occasionally C Frequently
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Dates Doctor Treatment Controlled?
Q Nervousness or Y/N Y/N
anxiety
L Depression or other Y/N Y/N
disturbances of mood
U Persistent Y/N Y/N
back/neck/ shoulder
pain
U Insomnia or other Y/N Y/N
sleep disturbances
1.
0 Poor
Sunday Monday Tuesday Wednesday Thursday Friday Saturday
Primary
Sleep Start
Primary
Sleep End
Extra Sleep
Start
Extra Sleep
End
0 Always
3. How often do you feel physically drained at the end of your day? (Please check one)
E Occasionally [I Frequently
4. How often do you feel mentally drained at the end of your day? (Please check one)
E Occasionally E Frequently
SECTION 6 - YOUR SLEEP HABITS
1. How many hours of sleep do you get per 24-hours (including naps)?
(a) during Workweek
(b) during Days off
2. How often do you wake up feeling tired or exhausted in a typical week?
E Occasionally E Frequently E Always
3. How often do you use prescription or over-the-counter sleep aids? Circle one.
E Occasionally E Frequently
4. The term "insonmia" refers to problems in getting to sleep or staying asleep. There are
three varieties: (a) difficulty in falling asleep initially; (b) frequent awakenings (difficulty
in staying asleep); and (c) early awakenings where you wake up too early and cannot get
back to sleep. Please indicate with a [if you have any of these forms of insomnia and if
so, how often you usually experience the symptoms. It is possible to have more than one
form of insomnia.
(a) Difficulty falling asleep
(b) Frequent awakenings
(c) Early awakenings
nights/week
nights/week
nights/week
SECTION 7 - ADDITIONAL SLEEP QUESTIONS
1. How many hours sleep do you feel you usually need per day, irrespective of your
work schedule?
hours mins
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13 Never
E Never
E Always
El Always
hours/day
hours/day
E Never
E Never E Always
2. How do you feel about the sleep you normally get?
No where Could do Could do Get the right Get
nearwith a lot with a bit amount Plenty
more more
During Workweek
During Days Off
Overall
How well do you normally sleep?
Extremely Quite Moderately Quite Well Extremely
Badly Badly Well Well
During
Workweek
During Days
Off
Overall
How rested do you normally feel after sleep?
Definitely Not Very Moderately Quite Extremely
Not Rested Rested Rested Rested Rested
During Workweek
During Days Off
Overall
Do you ever wake up earlier than you intended?
Almost AlmostRarely Sometimes Frequently AlwasNever Always
During Workweek
During Days Off
Overall
Do you have difficulty in falling asleep?
Almost AlmostRarely Sometimes Frequently Alwas
Never Always
During Workweek
During Days Off
Overall
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7. Do you take sleeping pills?
8.
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Almost AlmostNevert Rarely Sometimes FrequentlyNever Always
During Workweek
During Days Off
Overall
Do you use alcohol to help you to sleep?
Almost Almost
Neve Rarely Sometimes Frequently Always
During Workweek
During Days Off
Overall
Do you ever feel tired?
Almost Almost
Never R yy Always
During Workweek
During Days Off
Overall
10. The following items relate to how tired or energetic you generally feel, irrespective of
whether you have had enough sleep or have been working very hard. Some people
appear to "suffer" from permanent tiredness, even on rest days and holidays, while
others seem to have limitless energy. Please indicate the degree to which the
following statements apply to your own normal feelings.
Not At Somewhat Very
All Much So
I generally feel I
have plenty of
energy
I usually feel
drained
I generally feel
quite active
I feel tired most of
the time
I generally feel full
of vigor
I usually feel
rather lethargic
9.
Not At Somewhat Very
___________All Much So
I generally feel
alert
I often feel
exhausted
I usually feel
lively
I feel weary much
of the time
11. Please check the response for each item that best describes you.
(a) Considering only your own "feeling best" rhythm, at what time would you get
up if you were entirely free to plan your day?
05:00 - 06:30 a.m.
06:30 - 07:45 a.m.
07:45 - 09:45 a.m.
09:45 - 11:00 a.m.
11:00a.m. - 12:00 (noon)
(b) Considering only you own "feeling best" rhythm, at what time would you go to
bed if you were entirely free to plan you evening?
08:00 - 09:00 p.m.
09:00 - 10:15 p.m.
10:15 p.m. - 12:30 a.m.
12:30 - 01:45 a.m.
01:45 - 03:00 a.m.
(c) Assuming normal circumstance, how easy
morning?
Not at all easy
Slightly easy
Fairly easy
Very easy
do you find getting up in the
(d) How alert do you feel during the first half hour after having awakened in the
morning?
Not at all alert
Slightly alert
Fairly alert
Very alert
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(e) During the first half hour after having awakened in the morning, how tired do
you feel?
Very tired
Fairly tired
Fairly refreshed
Very refreshed
(f) You have decided to engage in some physical exercise. A friend suggests that
you do this one hour twice a week and the best time for him is 7:00 - 8:00 a.m.
Bearing in mind nothing else but your own "feeling best" rhythm, how do you
think you would perform?
Would be in good form
Would be in reasonable form
Would find it difficult
Would find it very difficult
(g) At what time in the evening do you feel tired and, as a result, in need of sleep?
08:00 - 09:30 p.m.
09:00 - 10:15 p.m.
10:15 p.m. - 12:03 a.m.
12:30 - 01:45 a.m.
01:45 - 03:00 a.m.
(h) You wish to be at your peak performance for a test which you know is going to
be mentally exhausting and lasting for two hours. You are entirely free to plan
your day, and considering only your own "feeling best" rhythm, which ONE of
the four testing times would you choose?
08:00 - 10:00 a.m.
11:00 a.m. - 01:00 p.m.
03:00 - 05:00 p.m.
07:00 - 09:00 p.m.
(i) One hears about "morning" and "evening" types of people. Which ONE of
these types do you consider yourself to be?
Definitely a morning type
More a morning than an evening type
More an evening than a morning type
Definitely an evening type
(j) When would you prefer to rise (provided you have a full day's work - 8 hours)
if you were totally free to arrange your time?
Before 06:30 a.m.
06:30 a.m. - 07:30 a.m.
07:30 a.m. - 08:30 a.m.
08:30 a.m. or later
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(k) If you always had to rise at 06:00
Very difficult and unpleasant
Rather difficult and unpleasant
A little unpleasant but.no great pri
Easy and not unpleasant
(1) How long a time does it usually take before
morning after rising from a night's sleep?
0-10 minutes
11-20 minutes
21-40 minutes
More than 40 minutes
a.m., what do you think it would be like?
you "recover your senses" in the
(m)Please indicate to what extent you are a morning or evening active
Pronounced morning active (morning alert and evening tired)
To some extent, morning active
To some extent, evening active
Pronounced evening active (morning tired and evening alert)
individual?
12. How likely are you to doze off or fall asleep in the following situations, in contrast to
feeling just tired? This refers to your usual way of life in recent times. Even if you have
not done some of these things recently try to work out how they would have affected you.
Use the following scale to choose the most appropriate number for each situation.
o = no chance of dozing
1 = slight chance of dozing
2 = moderate chance of dozing
3 = high chance of dozing
SITUATION CHANCE OF
DOZING
Sitting and Reading
Watching TV
Sitting inactive in a public place (e.g. a theatre or a meeting)
As a passenger in a car for an hour without a break
Lying down to rest in the afternoon when circumstances
pennit
Sitting and talking to someone
Sitting quietly after a lunch without alcohol
In a car, while stopped for a few minutes in traffic
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SECTION 8 - ADDITIONAL QUESTIONS
Directions: Below are eighteen statements that people sometimes make about themselves.
Please indicate whether or not you believe each statement applies to you by marking whether
you:
Strongly Disagree Disagree Neutral Agree Strongly Agree
1 2 3 4 5
1. Are you inclined to keep in the background on social occasions?
2. Do you like to mix socially with people?
3. Do you sometimes feel happy, sometimes depressed, without any apparent reason?
4. Are you inclined to limit your acquaintances to a select few?
5. Do you like to have many social engagements?
6. Do you have frequent ups and downs in mood, either with or without apparent cause?
7. Would you rate yourself as a happy-go-lucky individual?
8. Can you usually let yourself go and have a good time at a party?
9. Are you inclined to be moody?
10. Would you be very unhappy if you were prevented from making numerous social
contacts?
11. Do you usually take the initiative in making new friends?
12. Does your mind often wander while you are trying to concentrate?
13. Do you like to play pranks upon others?
14. Are you usually a "good mixer?"
15. Are you sometimes bubbling over with energy and sometimes very sluggish?
16. Do you often "have the time of your life" at social affairs?
17. Are you frequently "lost in thought" even when you should be taking part in a
conversation?
18. Do you derive more satisfaction from social activities than from anything else?
© THANK YOU FOR YOUR PARTICIPATION! ©
130
APPENDIX D: EQUIPMENT DESCRIPTIONS AND
INSTRUCTIONS
D1. Basic Train Operating Skills
BASIC TRAIN OPERATING SKILLS*
People often underestimate the skills 'required to operate a train. How hard it can be? After all,
you do not have to steer a train. Actually, operating a train is not as easy as it looks. A good
train handling requires many years of experience. A real train engineer can "feel" what the
train is doing and remember the route intimately.
Fortunately, for our train study, you do not need many years of experience to complete the
train operating activity. By completing our training and reading this Basic Train Operating
Skills, you should be able to operate the train well.
Locomotive Controls:
5 7 1 2 3 4 8
I I I I
6 '
1. Reverser: This mechanism controls the direction of the locomotive.
2. a. Throttle: This mechanism controls the power applied to the driving
wheels.
b. Dynamic Brake: This braking system that uses the momentum of the train to activate
the brake on each locomotive wheel.
3. Train Brakes: The braking system that activates the brake mechanisms on each car
in the train
4. Locomotive The braking system that activates the brakes on just the locomotive.
Brakes: Also called Independent Brakes
* Materials are derived from Microsoft Train Simulator Official Guide by Chong, Selby, and Smith
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I
Shows the speed of the train
6. Bell: An audible warning device used to alert passengers and pedestrians
of a moving train
7. Horn: Another warning device used to alert pedestrians, automobile
drivers, and animals of an approaching train
8. Headlight: Turns on the headlight
In our train operating simulation, we use a diesel locomotive General Electric Dash 9. The
following paragraph will briefly introduce you to a Dash-9 engine.
Diesel Locomotive Dash-9
How does it work?
Diesel locomotives are relatively simple machines. Diesel locomotives, such as Dash-9, is
properly called diesel-electrics because they use a diesel engine to generate primary
mechanical force, which gets converted into secondary electrical.
In diesel-electrics, such as Dash-9, the engine turns a large electrical generator. This in turn
powers large electric motors called traction motors, mounted parallel to the axle between the
wheels. The motor output shaft turns a pinion gear, which drives a wheel gear on the axle
assembly.
Dash-9 Cab View 1 5 2 3 4
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5. Speedometer:
Shows the speed of the train
2. Reverser: This mechanism controls the direction of the locomotive.
3. a. Throttle: This mechanism controls the power applied to the driving
wheels. It has eight throttle positions (Ni-N8)
b. Dynamic Brake: This braking system that uses the momentum of the train to
activate the brake on each locomotive wheel. It has eight
dynamic brake positions (BI-B8)
4. Brake Line This is a pressure gauge showing the pressure in the train line
Pressure Gauge: (higher pressure equals more available braking capacity)
5. Ammeter: This instrument shows the amount of current that the traction motors
are drawing (too much electrical current drawn for too long can
permanently damage traction motors)
Operating a Train
About Slack
All trains are effected by slack to some degree. Slack is the extra "length" in a train, created
by purposely loose tolerances in the coupler assemblies, in each car, and cushion underframe
mechanism in some cars. When a train is stationary, there is no pulling force in the coupler
assemblies and underframes; the lack of tension thus allows extra slack to accumulate in the
train as the coupler assemblies and cushioned underframes "relax" to their static state. When
starting a train with slack between each car, the train will actually start car by car.
Signals
INDICATION MEANING
Green Clear
Yellow Approach (speed not to exceed 40 mph)
Red Stop
Speed Limits
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Aspects Name Meaning
Approach the speed limit sin at a
30 APPROACH SPEED LIMIT speed not exceeding the speed
SIGN posted on the Approach Speed
Limit Sign.
Proceed at speed posted on the
S SPEED LIMIT SIGN Approach Speed Limit Sign until
the entire train has passed the
Resume Speed Sign.
1. Speedometer:
Aspects Name Meaning
Resume speed after the entire
RESUME SPEED SIGN train has passed the Resume
Speed Sign.
Guideline on Decelerating and Accelerating
We ask that you apply dynamic break before you apply train break. Therefore, the train speed
will be decreased more smoothly. In real train operation, applying train break aggressively
will not only be dangerous but also will wear the track more often. You should start applying
train break as soon as you see the incoming milepost in the horizon. Follow the following
guideline on decelerating:
Decreasing speed from 65 mph to 30 mph takes 2 miles (using both dynamics and train
brakes)
Decreasing speed from 65 mph to 15 mph takes 3 miles (using both dynamics and train
brakes)
Decreasing speed from 30 mph to 15 mph takes 0.5 - 1 mile (using both dynamics and train
brakes)
You should start increasing train speed (by increasing throttle) as soon as you pass the
milepost at which the speed limit is higher.
If you follow the above guidelines for decreasing and increasing speed, you should be able to
receive the full performance bonus.
Hints on Throttle control
To maintain 15 mph: toggle between IDLE and N1
To maintain 30 mph: stay at NI
To maintain 65 mph: stay at N5
NOTES:
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D2. Equipment Instructions for Subject
Equipment Description and Instruction for Subject
PRIOR TO EXPERIMENT DAY:
Sleep Log
Please remember to fill out sleep log every morning!
Actiwatch -AW64
The Actiwatch is an activity monitor designed for long term monitoring of gross motor
activity in human subjects. It contains an accelerometer that is capable of sensing any motion
with a minimal resultant force of 0.01g. The Mini Mitter Company, which developed the
Actiwatch, has created an algorithm to analyze sleep/wake cycles according to data stored in
the watch. The watch can store several days of data.
Accelerometer odentation
When you come to the introductory meeting, you will be given the Actiwatch. Put it around
the wrist of your dominant hand. Please keep the watch on until you return to the lab on the
first experiment day.
Please note that you should only take off the Actiwatch when you are taking a shower,
swimming, or when the Actiwatch will be in contact with a substantial amount of water.
Otherwise, keep the watch on, even when you are sleeping. Before you sleep, please press the
button twice on the face of the Actiwatch to mark the time you went to bed, and right after
you wake up, press the button again twice to mark the time you woke up.
Also, be careful not to bang or drop the Actiwatch because it has sensitive parts that may
break or malfunction upon impact and thus improperly record data. If you should accidentally
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drop or bang the Actiwatch, please email or call us as soon as possible so that we may check
the watch.
EXPERIMENT DAY:
Overall Procedure:
You will be driving a simulated freight train with two Dash 9 engines and 37 chemical cars in
Northeast Corridor going between Washington, DC and Philadelphia, PA.
You will be driving this simulated train during the night from 9:00 PM until 7:00 AM two
times: once alone and once with a second person. Each condition will be conducted in a
separate experiment day.
You must handle the simulated train operation as if you were actually driving a real train.
Therefore, you must take the simulator task seriously.
During a train simulator session, you will be ask to press horn as soon as you see a deer,
answer milepost questions from the dispatcher (experimenter), and respond to a change in
compressor sound. There will be a 30-minute break in between each 1.5-hour simulator
session in which you will be asked to complete several other tests: PVT, Waypoint, Cognitive
Performance Battery, and Subjective Ratings.
Each of these tasks will be described in great detail in the next section.
TRAIN SIMULATION:
Train Driving Rules:
1. You must follow the general rules of operating a train:
You should be AWAKE while driving a train!
2. You must drive the simulated train as if you were driving a real train:
a. You must follow the speed limits in the dispatcher's bulletin. The maximum
speed allowed is 65 mph.
b. You must hit the alerter button whenever the alerter turns on.
c. You must blow horn whenever you see a deer to avoid killing it.
d. You must answer dispatcher's call as soon as possible.
e. You must respond by pressing the appropriate button to a change in the
compressor sound as soon as possible.
3. While driving with a second engineer, you must follow these additional rules:
a. You are allowed to initiate conversation with the second engineer as much as
you like. The second engineer will not be allowed to initiate the conversation
because it may distract your attention to the train-driving task.
b. The second engineer will share the same goal with you, which is operating the
train as best as you can and safely arrive at the destination. You may ask
questions regarding the train operation with the second engineer, such as
milepost location, signal indication, etc.
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c. You and the second engineer should call out signal ('Clear' if green,
'Approach' if yellow, and 'Stop' if red) as soon as the signal becomes visible.
d. The second engineer is not allowed to operate the train at any time.
Copilot:
The Copilot camera will be positioned in the cab and will collect data while you are operating
the train. The monitor takes two simultaneous images of the driver at two wavelengths of
light. The monitor measures the reflection of light from the eyes to determine eye position
and eyelid closure.
NovaSense AR2200
NovaSense AR2200 measures and records forearm wrist muscle activity at the wrist (flexors
muscles activation of fingers) as well as skin temperature. You will be asked to wear this
wrist-worn device while driving the train simulator.
DURING BREAKS:
Subjective Rating
You will be asked to complete a subjective rating scale. In the subjective rating scale, you will
be asked determine your level of boredom, mental demand, time pressure, effort, workload,
fatigue, and stress as well as graph your level of workload and fatigue during the past 1.5
hour. This task will take 1 minute to complete.
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Cognitive Performance Battery (ANAM)
You will be asked to complete a computerized cognitive performance battery. The battery
contains several tests in which you will be asked to respond using the keyboard and mouse.
Simple instructions on the screen will guide you through the battery. This task will take
approximately 12 minutes to complete.
PVT-192
PVT- 192 is a computerized test-presentation and data capture system to measure your
reaction time to stimuli. You will be asked to do this task for 10 minutes.
The figure below is a picture of a PVT-192 unit. The unit has two push buttons, one on the
Right and one on the Left, and two displays. The smaller display is a 4-digit LED numeric
display. A series of numbers used to test your reaction time and your performance feedback
will show in this display. The larger display is a 16-character LCD alphanumeric display.
The larger display will show instruction prompts.
Visual Stimulus
(reaction time in milliseconds)
Instructions
EU Left and Right Buttons
(programming and response)
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Procedure for using PVT- 192:
1. Indicate how you feel right now (when the Mood Word is displayed on the larger
display) by using the LEFT button to move the cursor closer-to NO or YES. Press the
RIGHT button to register your choice.
2. The button you will press for the rest of the test will depend on which hand is your
dominant hand. If your dominant hand is RIGHT, then you will press the RIGHT
button. If your dominant hand is LEFT, you will press the LEFT button.
3. During the test, as soon as you see the red numbers in the top window, press and
release the button using your dominant hand. You may use your thumb or finger, but
use the SAME FINGER for all the tests once you have decided.
4. The numbers in the smaller display show how fast you responded each time- the
smaller the number, the better you did. Try to do your best and get the lowest number
you possibly can.
5. If you press too early (before the numbers appear) you will see an error message "FS".
If you press the other button (the one that does not correspond to your dominant hand),
you will see an error message -"ERR". If you forget to release the button, after a
short time the test screen will remind you.
6. When the test is completed, the mood word will be presented again.
7. When done, DO NOT turn the PVT-192 off, the test administrator will do this.
Waypoint
Waypoint is a computerized test presentation and data collection system that tests your
awareness of important events, such as events you see while driving. Simple instructions on
the computer screen will guide you through the test. The test will take about 4 minutes to
complete.
Procedure for using Waypoint:
The test uses a touch screen monitor, so you will be inputting your responses by touching the
correct button on the screen.
1. Press the green <CONTINUE> bar on the screen to begin the test introduction.
2. The next screen will explain the task to you. The task is to touch letters and numbers
in order, a number first followed by a letter. The number and letter buttons will be
scrambled on the screen and you are to touch them according to the following
sequence: 1 - A - 2 - B - 3 - C - 4 - D - 5 - E, etc. You should do this as quickly as
possible without making a mistake.
3. If you make a mistake, find and touch the correct button and then go on with the
sequence. You will be given two practice trials, and then you'll be asked to start the
real test by pressing the <1> button on the screen.
4. Once the test is completed, a message will appear that tells you what your high-risk
odds ratio is. The lower your high risks odds ratio, the safer a driver you are predicted
to be.
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D3. Equipment Instructions for Experimenter
Equipment Instructions for Experimenter
SYNCHRONIZE TIMES ON EVERY EQUIPMENT IN THE EXPERIMENT
For all PCs
1. Double click on "TARDIS" icon on the desktop window.
2. A window will pop up showing the universal time (UTC).
3. If the universal time does not show up:
- Check GPS connections on the back of the computers.
- Close TARDIS, wait for a few minutes, and open TARDIS again.
4. Minimize the window.
MAKING BACKUP FILES:
1. Login to Novell: Start -> Program -> Novell -> Novell Login
2. Open "Shortcut to Result" on the desktop.
3. Copy OTS.
4. Name the file accordingly.
E-PRIME PROCEDURES
How to run EPRIME:
1. Double click on the "E-Studio" icon on the desktop window.
2. Click OK on the window that pops up.
3. File -> Open -> My Experiment -> Shared Experiment -> Vigilance Test ->
VigilanceTest.es
Note: For training & volume level test: use Vigilance Practice ->
LeonaPracticeVigilanceShort.es
4. Click E-Run -> Run or use the Run shortcut.
5. Enter Subject #
6. Enter Session #
7. Click Yes on the Summary of Startup Info window.
How to get E-Prime Data:
1. Double click on the "E-DataAid" icon
2. File -> Open-> My Experiment -> Shared Experiment -> Vigilance Test ->
VigilanceTest- [subj ect#]_[session#].edat
To make backup:
1. After the data has been opened, File -> Export -> Export to: Excel -> OK
2. Enter filename as: Eprime [Subject #]_[Session#].txt -
3. Copy files to "Shortcut to Result"
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COPILOT PROCEDURES
To turn feedback OFF:
1. Click on "Shortcut to comport3.ht".
2. If F ON, press N once and it should change to F OFF.
3. Close the window.
4. Click Yes on the HyperTerminal window.
How to Start COPILOT:
1. Click on the "Copilot" icon on the computer desktop window. A window will pop up.
2. File -> Open -> Enter a filename and press <ENTER>.
3. To start data collection: Data -> Start.
Note: The data can be looked right away when the cursor is placed anywhere inside the
Copilot window.
4. To end data collection: Data -> Stop.
5. File -> Exit.
How to Get Data & Make Backup:
1. Click on the "Shortcut to Copilot" icon on the computer desktop.
2. Once you find the data file, copy the file to "Shortcut Result".
NOVASENSE PROCEDURES
Note: Before opening the program, make sure the device is turned ON.
How to Start NOVASENSE:
1. Click on the "Shortcut to Novasense.exe" icon on the computer desktop.
ATLAS/NOVASENSE window will pop up.
2. View -> View from -> Real Time.
3. To start data collection: Click RECORD OFF.
4. Enter filename.
5. RECORD button should turned to RECORD ON.
How to Get Data & Make Backup:
1. Click on the "Shortcut to Novasense" icon on the computer desktop.
2. Once you find the data file, copy the file to "Shortcut Result".
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MICROSOFT TRAIN SIMULATOR PROCEDURES
To uninstall Microsoft serial ballpoint:
1. Start -> Settings -> Control panel -> system -> hardware -> device manager -> "Mice &
other pointing devices".
2. Right click on Microsoft Serial Ballpoint -> uninstall -> OK
To turn monitor power schemes to experiment:
1. Start -> Settings -> Control panel -> power option
2. Scroll down on the Power Schemes and select Experiment.
To Start Microsoft Train Simulator and Run Rail Driver:
1. Double click on the "Rail Driver Manager" icon on the desktop. A Rail Driver Manager
window will pop up.
2. Click on Record Setup and Data Recording Parameter window will pop up.
3. Click on Browse -> enter filename on the RAWDATA folder.
4. Click Save.
5. Click the Recording Enabled Box on the Data Recording Parameter window.
6. The Data Recording on the Rail Driver Manager should now be ON.
7. Make sure that Engine = Dash 9, Cab Maker file = MSTSModernDieselDefault.rdf
8. Click Play and the Microsoft Train Simulator window will open.
9. Select "Drive a Train" on the Microsoft Train Simulator menu
10. Select the appropriate route, activity, and then click START
To turn ON & OFF alerter & train monitor:
1. On the Microsoft Train Simulator Menu, choose OPTIONS (located on the lower left
corner of the screen).
2. Select the box in front of alerter & train monitor. If the box is selected, it should be
crossed.
3. Click Save.
To open the HUD display:
1. When Microsoft Train Simulator has started and the cabview is displayed, click F5 until
all 11 items are displayed.
To pause Train Simulator at anytime: Click ESC button.
Train Simulator Trouble Shooting:
If subject loose rail driver cab control:
1. Try moving the mouse cursor to the corner of the screen.
2. If it fails to fix the problem, press spacebar once.
3. If it still fails to fix the problem, press Esc twice (which pause and unpause the simulator)
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ACTIWATCH PROCEDURES
To Setup the PC
1. Make sure the Actiwatch reader is connected to the PC,
2. Make sure the COM ports are properly set. (If they're not, the Ready LED will light up.)
3. Open main Actiware-Sleep window by double-clicking on the application icon on the
desktop.
4. Select Reader and then select Com Port
5. Select COM port to which you have connected the Actiwatch reader (which is COM2)
6. Check if the correct COM port was chosen by
a. If correct, the Ready LED will only illuminate when device is positioned
correctly.
b. Turn Actiwatch face down and place it in the region of the reader (p2-5)
shown below. The small dot on Actiwatch must be n the same corner as
the small dot on the reader.
To Setup the Actiwatch on the PC
1. Double click on "Actiware-Sleep" icon on PC desktop. A window called "Actiware-
Sleep" will open.
2. Remove straps from the Actiwatch unit.
3. Invert Actiwatch unit so that the metal side faces up.
4. Place the unit (with the metal facing upwards) on the "Actiwatch Reader" box.
5. Align the dot that is on one corner of the Actiwatch with the dot in the drawing on the
"Actiwatch Reader"
6. Verify that the LED on the "Actiwatch Reader" illuminates. The LED will illuminate
only when the Actiwatch is correctly aligned.
7. Select Options in the Main Menu of the "Actiware-Sleep" window.
8. Verify that there is a checkmark next to "Full Menus" under Options. If there is no
checkmark, select "Full Menus" and the Full Menu will appear.
9. Select Reader -+ Write in the Main Menu
10. Select <OK>in pop-up window once communication between PC and Actiwatch is
established.
11. Select <OK> in the next window that pops up.
12. A window with the current setup for Actiwatch will appear where you will enter the
following info:
a. Subject's ID#: OTS[Subject #], e.g. OTS2, OTS13, etc.
b. Subject's Age and Sex
c. Start Date
d. Start Time
e. Epoch Length - enter 1 minute
(Notes: The current PC clock time is used to calculate the starting time. Unless you
have specified a starting time, Actiwatch will begin collecting data 2 minutes from the
time setup was received. The Epoch Length is the period of time Actiwatch will
accumulate activity counts before saving the sample and resetting the counter to zero.
For sleep analysis, the Epoch interval should be one minute or less.)
13. Click <SEND> once the settings are entered.
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14. Click <OK> in the pop up window.
15. Click <OK> in message window that says the PC/Actiwatch communication was
successful.
16. Remove the Actiwatch from the "Actiwatch Reader" and close the application window.
17. Close the "Actiware-Sleep" window.
18. Replace the straps on the Actiwatch unit.
19. Have the subject wear the Actiwatch around the wrist of the dominant hand.
To Download Data from the Actiwatch to a PC
1. Double click on "Actiware-Sleep" icon on PC desktop. A window called "Actiware-
Sleep" will open.
2. Remove straps from the Actiwatch unit.
3. Invert Actiwatch unit so that the metal side faces up.
4. Place the unit (with the metal facing upwards) on the "Actiwatch Reader" box.
5. Align the dot that is on one corner of the Actiwatch with the dot in the drawing on the
"Actiwatch Reader"
6. Verify that the LED on the "Actiwatch Reader" illuminates. The LED will illuminate
only when the Actiwatch is correctly aligned.
7. Select Options in the Main Menu of the "Actiware-Sleep" window.
8. Verify that there is a checkmark next to Full Menus under Options. If there is no
checkmark, select Full Menus and the Full Menu will appear.
9. Select Reader -+ Read in the Main menu.
10. Select <OK> in the window that pops up.
11. When download is finished a window will pop up, select <Yes> to save the file.
12. Name the file and direct it to the folder C:\ProgramFiles \Actiware and click <OK>
13. To look at the file, select Sleep Analysis from the main menu. A window with the
graphical data representation will open.
14. Click on <Calculate> in the upper left corner of the graphics window.
15. You can print the graph by choosing the File -+ Print in the Main menu.
16. To close the graph, click on "x" in the upper right corner of the graphics window.
To See a Previously Saved Data File
1. Double click on the "Actiware-Sleep" icon on the PC desktop.
2. Select File -+ Load from the Main Menu
3. In window that pops up, go to the directory C:\ProgramFiles \Actiware to find the data
file.
4. Select the file you want to see and click <OK>.
5. Select Sleep Analysis from main menu. A window with the graphical data
representation will open.
6. Click on <Calculate> in the upper left corner of the graphics window.
7. You can print the graph by choosing the File -+ Print in the Main menu.
8. To close the graph, click on "x" in the upper right corner of the graphics window.
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PVT-192 OPERATION PROCEDURES
NOTE: The LEFT button on the PVT is used to move the cursor.
The RIGHT button on the PVT is used to select the option.
To Set up test parameters on the PVT (or can set up with a PC - look at section after this
one)
1. Switch on the PVT.
2. Select Setup on the display by pressing the LEFT button to get to it and then pressing the
right button to select it.
3. PVT will prompt you for an Access password. The default password is 123.
To enter the password:
Use the LEFT button to move the cursor to the first number, then press the RIGHT
button to accept the digit, continue until the whole password is displayed on the top
line of the LCD display, then move the cursor to Q (stands for quit) and press the
RIGHT button.
If you make a mistake, select E (erase) to wipe out all the characters you've selected.
And begin again. If you mistakenly entered this Access mode, select R (return) to
display the previous Menu (Select Setup).
4. In Select Setup Menu, choose PARAM to set up preliminary information for the test
subject.
5. In PARAM, the following will be displayed and you will be enter the following:
a. Study - enter 2-8 letters to identify the study about to be recorded. You can
select + to see more of the alphabet segment. Once you've entered this data, select
Q.
b. Mood - Enter any word or phrase up to 8 letters. This will be displayed on the
pre and post test analog mood scale. Once you've entered this data, select Q.
c. E Initials - Enter up to 3 letters to identify the Experimenter or test
administrator. Once you've entered this data, select Q.
d. S Initials - enter 3 letters to identify the Subject. Once you've entered this data,
select Q.
e. Subject - enter up to 4 digits to further identify the person to be tested. Once
you've entered the data, select Q.
f. Trial - Enter up to 3 digits to identify the Trial sequence number for a
particular subject. Once you've entered this data, select Q.
g. ISTmin ms - Enter the minimum or lower boundary of the Inter-Stimulus
Interval, in milliseconds. The smallest value permitted is Isecond (IOOOms).
Since the LED stimulus display remains illuminated after a response for about
1 second, it is necessary use a long enough value to allow distinguishing one
stimulus from the other, e.g. at least 1500 ms. Once you've entered this data, select
Q.
h. ISTmas ms - Enter the maximum or upper boundary of the Inter-Stimulus
Interval, in milliseconds. This value must be larger than the MIN IST. Once
you've entered this data, select Q. (The PVT will randomize its presentation of
stimuli between these min and max values.)
i. TTT sec - Enter the Total Test Time for each trial, in seconds. A typical
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value is 600 seconds (10minutes). Once you've entered this data, select Q.j. Task Code - enter visual, auditory or both. The standard test is visual only.
Once you've entered this data, select Q.
k. Handedness - enter the subject's dominant hand. Once you've entered this
data, select Q. Once this section is completed, the PVT will revert to the Select
Menu.
To begin a series of reaction-time trials
1. Turn on the Power.
2. When the Select Menu appears, Select TEST
3. Select
4. REAL. The test will start with the parameters entered above.
5. The MOOD WORD will be displayed. Have the Subject move the cursor on the 10-
position line between YES and NO.
6. The Display will now read, "Ready to test... Press any button to start". Once the subject
presses the LEFT or RIGHT button, the test starts.
7. At the end of the test time, the MOOD WORD will be displayed. Have the Subject move
the cursor on the 10-position line between YES and NO.
8. Once the Mood scale response is entered, there will be a short blank pause and then the
Main SELECT menu will appear.
9. Now the PVT can be turned off.
NOTES: The PVT will increment the Trial Number, ready for the next test. If you want to
test a different subject, the PVT test parameters must be changed. See the above sections
on how to do this.
WARNING: If the power goes out DURING a trial, then ALL data in that trial will
be LOST and the trial number will not increment. The PVT power should be left on
until the Main Menu appears (which will occur after completion of the trial).
To Download Data from the PVT to a PC
1. On the PC desktop, double click on the "PVTCommW" icon.
2. Select PVT -> Download from the main menu on the window that pops up. A window
will appear asking you to ensure the PVT is in "Supervisory Mode".
3. To get the PVT in Supervisory Mode,
a. Turn on the PVT
b. In the PVT Main Menu, select Setup.
c. In the Access mode, select the numbers of the Supervisory Mode Access Code:
31267
d. Select Q. The words "Supervisory Mode" should appear on the PVT.
4. Click <OK> on the pop up window from step 2.
5. Click <OK> in the next pop up window.
6. The PVT and PC will start to communicate to retrieve data. Process Completed Click
<OK> in the pop up window named "Download Finished".
7. A window will prompt you for what to name and where to save files. Save the file in
C:\ProgramFiles\Ami\PVT
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To Look At Data Files
1. On the PC desktop, double click on the "PVTReact" icon.
2. Click on <Load and Parse PVT Files> button in the window that appears.
3. A window pops up asking what file to open. Select file you want to open. It should be in
C:\Programi Files\Ami\PVT
4. Choose <Detail> or <Summary> in the window that appears. Detail will give you a
detail of the data. Summary will give you a summary.
5. Click on the <Analyze> button.
6. Some graphs will appear. To print them, click <Print Report> button.
7. Click <OK> in the window that pops up. The files will now be printed.
WAYPOINT PROCEDURES
To Start Waypoint
1. Double click or double touch the "Waypnt" icon on the Microtouch Monitor.
2. Follow the instructions on the series of screens that will appear. Here is what you will be
asked to do.
a. Press <Continue> on the screen to continue
b. In the window that pops up, enter the subject # and then touch <Continue> This is
where you should stop and allow the subject to take over to begin the test.
c. In the next screen, press <Continue>
d. The next screen will explain the task, which is to touch boxes of letters in numbers in
the following order: 1 - A - 2 - B - 3 - C - 4 - D, etc. You will be given two practice
trials.
e. To begin the real test, Press <1> button in the next screen.
f. Once the test is over, a screen will appear telling you the test is over and what your high
risk odds ratio is.
To Analyze Data
We don't. This data will be sent to the developer to be analyzed.
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D4. Additional Information on Equipment Used
Cognitive Performance Test Battery: Automated Neuropsychological Assessment
Metrics (ANAM2001)
ANAM was developed by the Walter Reed Army Institute of Research.
ANAM has been validated to detect cognitive performance deterioration due to a
broad range of conditions, including fatigue.
References on ANAM:
Kabat MH, Kane RL, Jefferson S, DiPino RK. Construct validity of selected
Automated Neuropsychological Assessment Metrics (ANAM) battery measures.
Clinical Neuropsychologist, 15(4):498-507, Dec 2001.
http://www.gulflink.osd.mil/medsearch/BrainNervous/CognitiveLeamingAttenti/DOD
147.shtml
In our experiment, we only selected 5 tests out of the 7 tests included in the battery. We did
this due to time constraint during the rest break. Our modified ANAM takes approx. 12 mins
to complete. The five tests are: Running Memory (CPT), Logical Reasoning (LRS),
Mathematical Processing (MTH), Pattern Matching (MTG), Sternberg Memory Recall (ST6).
In addition, we also used Stanford Sleepiness Scale (SLP) as part of the introductory
questionnaire. The length of Running Memory (CPT) test was cut to half from showing 160
stimuli to only showing 80 stimuli.
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APPENDIX E: DATA COLLECTION FORMS RELATED TO
NON-SIMULATOR TASKS
El. Sleep Log
Sleep Log
Please fill out this sleep log every day at home, before you go to work. Make sure you are wearing your
Actiwatch!
ID Number Date
The time is now AM or PM (circle one)
What time did you go to bed?
About how long did it take you to fall asleep?
What time did you wake up?
What time did you get out of bed?
How many hours do you feel you slept?
Number of awakenings:
How many times did you get out of bed?
AM or PM
hours
AM or PM
AM or PM
hours
How many drinks of caffeine do you take today? - cups/cans/glasses
If you take any sleep aids, please provide details on type, quantity, and frequency. Include prescription and
over-the-counter medication, alcohol, melatonin, herbal remedies, & others:
If you removed your Actiwatch for any reason, including to shower/bathe, please write down the beginning and
ending times that the Actiwatch was NOT being worn:
If you took any naps in the last 24 hours, please provide the beginning and end times for each:
Rate Your Sleep
Ease of falling asleep:
Very Easy
Ease of getting up:
Very Easy
Fairly Easy
Fairly Easy
Fairly Difficult
Fairly Difficult
Very Difficult
Very Difficult
Length of sleep:
More than Sufficient Sufficient Insufficient Wholly Insufficient
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minutes
Quality of sleep:
Very Good Good Fair Poor Very Poor
How do you feel at this moment? (circle the appropriate number)
1
Very Alert
2 3
Alert
4 5
Neither
Alert nor
Sleepy
6 7
Sleepy but
no effort
required to
stay awake
8 9
Very sleepy,
fighting
sleep, effort
to keep
Mood Scale
For EACH item, choose ONE of the four answers that best describes how you feel now
appropriate block.
by placing a -fin the
Items Not at
All
A Little Quite
A Bit
Extremely
Active
Alert
Annoyed
Carefree
Cheerful
Able to Concentrate
Considerate
Defiant
Dependable
Drowsy
Dull
Efficient
Friendly
Full of Pep
Good-natured
Grouchy
Happy
Jittery
Kind
Lively
Pleasant
Relaxed
Satisfied
Sleepy
Sluggish
Tense
Able to Think
Clearly
Tired
Able to Work Hard
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E2. Subjective Ratings
Subjective Rating Scales
Draw a hash mark over the line position that best reflects your current state for each item.
ID Number Date EXP Day:
The time is now
Boredom
Mental Demand
Time Pressure
Your Level of Effort
Overall Workload
Fatigue
0
Very Low
0
Very LowS--
0
Very Low
0
Very Low
0
Very Low
0
Not Fatigued
AM or PM (circle one)
100
Very High
100
Very High
100
Very High
100
Very High
100
Very High
100
Very Fatigued
Stress Level
0
Low Stress
100
High Stress
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Draw your workload level for the past 1.5 hours in the following graph:
High
0
30 60 90
Low
Draw your fatigue level for the past 1.5 hours in the following graph:
High
30 60 90
Low
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E3. Digit Cancellation
DIGIT CANCELLATION
Railroad Engineers' Situation Awareness and Alertness Study
SUBJECT ID:
DATE:
TIME:
TEST STATE: Baseline
Instructions:
You will have one minute to complete this task. Please work as quickly and as accurately as
possible. Going row by row, strike out all instances of the number 5. When you are told to
stop, please circle the number of the row you were working on and then put your pencil down.
1) 5153136425965284214943726500262806506229627082504476467533432775671998
2)6889525771689689184820749182993326394964898986623155282699217607313651
3)8048084347424848768771400998102132955761181236451344240041451454986116
4)9686026585454549004571791776833397365892063640753273119722727108702869
5)1806749471124087782226247172429528638651106296819732938261838079514673
6)9970158693415937932658057828962037599403144307363548369243159550948190
7)9162023595786044655360450047656958523256210016906418688575271693516172
8)6503047945180392523047414139373482111022631864964904941222361451508961
9)9398490232071593710386503566197613203210080818620882826748740870351299
10)1216068981197832723541687454914111492989281185865578239393767245602173
11) 0926290021574489262359400930286658569681728247474130739740675929917824
12) 0755828624061954828574123456088652644872779750904221015156613799578347
13)7763337156758269695453220900363009957626242805343416392875291724422054
14)5571694197149573645325379804157423587095447816288695482128996637387279
15)0705863269789737184812816884217455965895344172227847462164411992378752
16)1624529285978417653969921646908591285430659053453352292943974539159883
17)8047455762045295452176179812512132937204615356730687965637936886812599
18) 9271312084639783460540565457322595691369003806362803268955481268985329
19) 5013769919111233870406181938802796435933079133628461845268508494652075
20) 1826777059562251372078037291884156112023741789469587024952095591122655
21)5663668744300572506452262349608845642845947652850574770604527030792021
22)6233604612548174021096070082574688860691538089948296532879561040203993
23)0859711090200206705143050858228697529094298150755905416843626394637395
24)5688540414274254820329283001941237716844727770831051370697975203372550
25)0792204932001533540303488387282961411166241663247114648622645502104617
26)5017614200687271958594440088494354027600035329296196189058179133421272
27)9890491263639262382942922579136201113571797941484454085166011927752962
28)2128943731764631687143022719177524249552330863566915342281614789367428
29)0883112867975600005791233264855973363105682838787513116887544589747162
30)8789694012462549514242207317914553597729575113286189014291414461230777
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E4. Debriefing Questionnaire
IDe Cebr
ID Number
Debriefing Form
The Assessment of Nighttime Cognitive Performance Under Different
Manning Conditions
Date
The Entire lab staff would like to thank you for your participation in this experiment. We
realize that this was not an easy protocol to follow, and therefore thank you for your fortitude
and diligence in completing all the tasks. The data collected from this experiment will be
used to assess and further develop safety products for the American railroad industry, and to
guide policy on the use of one or two engineers in the head-end locomotive.
1. What part(s) of the experiment/protocol did you find objectionable or a hardship?
2. What did you enjoy or find interesting about the study?
3. How do you think the training can be improved to be more helpful?
4. Was the opportunity to earn reward money an incentive to perform your best? If not, what
might have worked better? -Please be specific.
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5. Do you feel a reward incentive would have changed the way you performed the non-
simulation tasks (e.g., PVT, Waypoint, Digit Cancellation, Subjective Ratings)? If so,
how?
6. Did you find yourself overly rushed during the rest breaks? Was the food and drink
adequate? If not please explain.
7. What defects did you notice in the simulation portion of the protocol (i.e., clicking sounds,
aberrant images/lights, non-simulator-related sounds, voices, etc.).
8. How aware were you of time during the simulation run? Were you able to guess well
when the experimental session was nearing its end? How might this be eliminated?
9. Did you notice any patterns in the presentation of simulation-based performance tasks? If
so, what were they?
10. How did you occupy yourself mentally during the simulation runs?
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11. What performance differences did you experience, if any, between operating the train
alone vs. operating the train with another person (second engineer)? Did the second
engineer enhance or distract you from your "job" performance?
12. Do you prefer to drive alone, with a second engineer, or have no preference? Why?
13. Did you feel more alert throughout the night when having a second person in the
locomotive cab? Why or why not?
14. Did you realize that the purpose of the experiment was to understand the vigilance effects
of having a second person in the locomotive cab? If so, when and how did you come to
this realization?
15. Overall, how did you feel we handled you during the experiment? How could we improve
the experience of future participants?
16. General comments and observations.
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APPENDIX F: DATA COLLECTION FORMS RELATED TO
SIMULATOR TASKS
Fl. Experimenter Data Sheets (First Run)
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EXPERIMENTER DATA SHEET NECI, freightsouthOmph
Station: Philadelphia PA (Southboundi)
Subject ID:
One or two engineers?
Page 1 12
Date:
Start time:
Pause time:
Speed Limit Simulator Sound Deer For Two Engineers Only: Milepost QuestionMilepost mph) Time Signal
Location Horn? Missed? Location Called? Missed? Asked at Correct Wrong
3 30 ___
4 30
5 30
6 65
7 658 65
9 65
10 65
11 65,
12 65 X 12.5
13 65
14 65
15 65 
____________ 
___
16 65 
____ 
________
17 65
18 65
19 30
20 30 20.4
21 30
22 30
23 1________ 
____ ____
24 X 24.5
25 30
26 30
27 30
28 65
29 65
30 65 301
31 65 XWM__
32 65
33 65 X
34 65
35 65
36 65
37 65
38 65
39 65
40 65
41 65
42 
____ ________
43 X
44 65
45 65
46 65 _ __
47 65
48 65 _ _ _
49 65
50 65 50.3 
_
51 65
52 65
53 65
54 65
55 65 55.5
56 65
57 65
58 65
59 65
60 65
61 30 X _ _ _
62 30
63 30
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I
0I
I
EXPERIMENTER DATA SHEET
Station: Philadelphia PA (Southboundl)
Subject ID:
One or two engineers?
NECI, freightsouthOmph
Date:
Start time:
Pause time:
Spee
Limi
(mph
30
30
30
30
30
65
65
65
65
65
65
65
65
65
65
65
d
t
Simulator
Time Sound Deer
For Two Engineers Only:
Signal Milepost QuestionMilepost
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93 X
94 30
95 30
96 30 _
97 30
98 65
99 65 _
100 65
101 65 IN 4
102 65 102.5
103 65
104 65 X
105 65
106 65 ___ _ __
107 _ ______ _
108 ____
109 65 ______ __
110 65 110.4
111 65 ___ ___ ___ _ __
112 65
113 65
114 65
115 65 _ _ _ _ _ _B $
116 65 _ _ _ _ _ __ _ _ _ _
117 65
118 65 __ii 8_______i
119 65 119.1
120 65 _ _ _i__ __i_ _ _ _
121 65
122 30 __22_3
123 30 _123_2
124 30 iX
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Location Horn? Missed? Location Called? Missed? Asked at Correct Wrong
X
~MYN89$A$;'
__ _79.5
'91.5
I
90
Page 2 / 2
EXPERIMENTER DATA SHEET
Station: Washington DC (Northboundi)
Subject ID:
One or two engineers?
NEC 1, FreightNorth
Sound Deer
Location Hom? Missed?
For Two Engineers Only:
For Two Engineers Only:
Signal
::ation I Called? I Missed?
Milepost Question
Asked at Correct I Wrona
_ _ 15_ __
X_119,
Xim
103 1 65 1 1 1 1 i 103.5
102 65
101 65
100 65
99 65
98 65
97 65
96 6599 - qn
92.5
77.5
69,1
X ______ ____4
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I
Simulator
Time
Speed
Limit
(mph)
30
Page 1 /2
Date:
Start time:
Pause time:
Milepost
124
123
122
121
120
119
118_
117
116
115
114
113
112
110
109
108
107
106
105
104
X
x94
93
92
91
90
89
88
87
86
85
84
83
82
81
80
79
78
77
76
75
74
73
72
71
70
69
68
67
66
65
64
Location Hom? Missed?
M
, A10. --
EXPERIMENTER DATA SHEET
Station: Washington DC (Northboundl)
Subject ID:
One or two engineers?
NEC 1, FreightNorth
Speed Limit Simulator Sound Deer appear at For Two Engineers Only: Milepost QuestionMilepost (p) Time S a ieotQeto
Location Horn? Missed? Location Called? Missed? Asked at Correct Wrong63 6562 65
61 65 ________ 
________
60 65 
____ ________ ____
59 65
58 65
57 6556 30
55 30 ________ ________ ________ ________
54 30
53 30
52 30 X
51 65
50 65 50.3
49 65
48 65
47 65 ________ ___ ___ ___ ___
46 65 46.5
45
43 65'
42 65
41 65 ____ ___ ___ ___ ___ ___ ___
40 65
39 65
38 65
37 65
36 65
35 65 35.5
34 65
33 65
32 65
31 30
30 30 30.1
29 30 X
28 30
27 ____
26 ____ ____ ____
25 65
24 65
23 65 ________
22 65 _____X _________
21 65
20 65 2014
19 65
18 65
17 65
16 65
15 65
14 65 ____ ________
13 65
12 65 _12.5
11 65 ___
10 65
9 65
8 30
7 30
6 30 X _____
5 30 _____
4 30 _____
3 30
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Page 2 / 2
Date:
Start time:
Pause time:
F2. Experimenter Data Sheets (Second Run)
162
EXPERIMENTER DATA SHEET
Station: Philadelphia PA (Southbound2)
Subject ID:
One or two engineers?
NEC 2, freightsouthOmph
Speed Limit Simulator Sound Deer For Two Engineers Only: Milepost QuestionMilepost mph) Time Signal
Location Horn? Missed? Location Called? Missed? Asked at Correct Wrong
3 30 _____________
4 30 X
5 65
6 65
7 65
8 65
9 65
10 65
11 65 11.5
12 65
13 65
14 65
15 65
16 65
17 65
18 30
19 30
20 30
21 30 21.5
22 30 MOM
23 30 X
24 30
25_
26
27 65
28 65
29 65
30 65 30.1
31 65 WNW
32 65
33 65 C3 "__
34 65
35 65
36 65 X
37 65
38 65
39 65
40 65
41 65 41.7.
42 65
43 65
44 65 44.5
45 65
46 65
47 65
48 30
49 30 X
50 30
51 30 1 152 __
53
54 65
55 65
56 65
57 65
58 65
59 65
60 65
61 65 61.2
62 65
63 65 4i 64_,
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Page 1 /2
Date:
Start time:
Pause time:
EXPERIMENTER DATA SHEET NEC 2, freightsouthOmph
Station: Philadelphia PA (Southbound2)
Subject ID:
One or two engineers?
Page 2 / 2
Date:
Start time:
Pause time:
Speed Simulator Sound Deer For Two Engineers Only Milepost QuestionMilepost Limit Time Signal
(mph)__________
(4ph) Location Horn? Missed? Location Called? Missed? Asked at Correct Wrong64 65 
____ 
________ 
________
65 65
66 65
67 65 
________ 
________
68 30 
____ 
________
69 30 
____ 
________
70 30 
________
71 30 X
72 30
73 65
74 65
75 65
76 65
77 65
78 65
79 65 79.580 65
81 65
82 65
83 65
84 65 
_85 65
86 65
87 65
88 65
89 65 
_
90 65 X
91 65 91.592 65
93 30
94 30
95 30 95.8
96 30 
____
97 30
98
99 X_____________ 
_100 651
101 65
102 65 102.5103 65
104 65 
_____ 
__
105 65
106 65
107 65 107.4 ___
108 65
109 65
110 65
11 65
112 65
113 65
114 65
115 65 
____
116 65 
___
117 65 
____
118 65 
___
119 65
120 X
121
122 30
123 30 
___ __ __
124 30
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EXPERIMENTER DATA SHEET
Station: Washington DC (Northbound2)
Subject ID:
One or two engineers?
NEC 2, FreightNorth
Speed Simulator Sound Deer For Two Engineers Only: Milepost QuestionMilepost Limit Time Signal
(mph)___________________
Location Horn? Missed? Location Called? Missed? Asked at Correct Wrong
124 30 12__ 4.5,,
123 30 4-,,
122 30 _
121 30
120 65 2
110 AI
118 65
117 65
116 65
115 65
6
6
6
6
6
6
6
6
6
6
6
6
6
3
3
3
3
31
6
6
6
6
6
6
6
6
6
6
6
6
5
5
116.5
I I I f I I I I
5
5 [
5
5
5
5 1 7.
5
5 X
5
5
5
0
0
0 99.5
0
5
5
5
5
5
5 5
5
5
5
5
5
5
5 4
5 79.5
74fI
) X
) _____ _____ ____ 
_____ _____ _____ _____
5 
_____ __________ 
_____ _____ _____
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I
Page 1/2
Date:
Start time:
Pause time:
114
113
112
111
110
109
108
107
106
105
104
103
102
101
100
99
98
97
96
95
94
93
92
91
90
89
88
87
86
85
84
83
82
81
80
79
78
77
76
75
74
73
72
71
70
69
68
67
66
65
64
M
I
I
EXPERIMENTER DATA SHEET
Station: Washington DC (Northbound2)
Subject ID:
One or two engineers?
NEC 2, FreightNorth
Milepost Speed Limit Simulator Sound Deer appear at For Two Engineers Only: Milepost QuestionMieot (mph) TieSga
Location Horn? Missed? Location Called? Missed? Asked at Correct Wrong
63 30
62 30
61 30 61,2
60 X 
___
59_____
58 65
57 65
56 65
55 65
54 65 54.5
53 65
52 65
51 65
50 65
49 65
48 65 ____ ________
47 65
46 65
45 30
44 30 X
43 30
42 65
41 65 41.7
40 65
39 65
38 65
37 65
36 65
35 65 35.5
34 65
33 65
32 65
31 30 X
30 30 30.1
29 30
28 30
27 30
26 ____ 
____ ____
25 ____ 
____ ____
24 65
23 65
22 65
21 65
20 65 ___ ___ ________ ________
19 65 md___ ____
18 65
17 65
16 65
15 65 X 15.5
14 65
13 65
12 65
11 65
10 65
9 65 an M-1
8 65
7 65
6 30
5 30
4 30 _
3 30
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0
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Page 2 / 2
Date:
Start time:
Pause time:
I
F3. A Sample of Work Order
DSX TRANSPORTATION
DISPATCHER'S BULLETIN
NO. 20030
STATION
TRAIN No.
ENGINEER:
ENGINE:
CARS:
LENGTH:
TONNAGE:
MAX SPEED
PHILADELPHIA PA
515
ENGINEER OF RECORD
2 DASH 9
37 CHEMICAL TANKS
2528.875' (-0.5 MILE)
1479.25
LIMIT: 65 MPH
LATEST DSX TRANSPORTATION SYSTEM BULLETIN ISSUED:
NO. 001
001 - TRAIN MESSAGE NUMBER 1708
DO NOT EXCEED THE FOLLOWING SPEEDS:
MPH BETWEEN
MPH BETWEEN
MPH
MPH
MPH
BETWEEN
BETWEEN
BETWEEN
30 MPH BETWEEN
15 MPH BETWEEN
30 MPH BETWEEN
15 MPH BETWEEN
30 MPH BETWEEN
3
19
23
25
AND
AND
AND
AND
42 AND
61 AND
82 AND
93 AND
107 AND
122 AND
6
23
25
28
44
69
84
98
109
125
SIGNS-YES
SIGNS-YES
SIGNS-YES
SIGNS-YES
SIGNS-YES
SIGNS-YES
SIGNS-YES
SIGNS-YES
SIGNS-YES
SIGNS-YES
( 10 LINE(S)
001 TOTAL MESSAGES DISPATCHER LAK
Filename: NEC1, FreightSouth
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30
30
15
30
15
)
